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Side scan sonar and down scan sonar, sub bottom profiling, electrical 
resistivity tomography profiling (underwater cables), and continuous resistivity 
profiling (towed cable) surveys were conducted to characterize the lake sediments 
(rock and soil) beneath the man-made Little Prairie Lake, in central Missouri.  Sub 
bottom profiling and electrical resistivity (with marine cables and towed cable) were 
used to determine variability in the lithology and thickness of sediments (soil and 
rock) beneath the lake, while side scan sonar was used to map the variations in the 
lithology/nature of exposed lakebed sediments and to locate the potential hazard of 
trees.  Down scan sonar and sub bottom profiling were utilized to measure the water 
depth. On land, electrical resistivity tomography was used with multi-channel analysis 
of surface wave method to determine sediments, joints, and the depth of bedrock.  
Analyses of the acquired data revealed the location and orientation of the 
original stream channels (prior to the construction of the earth fill dam).  The side scan 
sonar mapped the variations in the biomass at the bottom of the lake. Underwater 
electrical resistivity tomography and continuous resistivity profiling determined joints, 
sediments, and bedrock underneath water bodies.  
Using integrated marine geophysical tools help to evaluate the sub surface 
prior to any construction project (dam or bridge), are useful in determining the 
characteristics of lithology (fractured rock, intact rock and soil), and make it possible 
to map benthic habitat and the submerged potential hazards of trees on the lakebed as 
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  1. INTRODUCTION 
 
1.1. INTRODUCTION 
This chapter describes the importance of this research and the hazards associated 
with karst terrain on construction dams, bridges, and community development. 
Specifically, the nature of karst terrains in Phelps County, MO, is discussed, in terms of 
the need for utilizing integrated geophysical methods in studying karst terrain beneath 
water bodies. Moreover, this chapter will explain the essential precautions in conducting 
geophysical studies on water bodies. 
Karst terrains are natural topographies that are created by weather and other 
erosion sources underneath the ground or underneath the bottom of standing bodies of 









 Karst often forms in limestone, gypsum, and other rocks, where the bedrock has 
been eroded into a variety of sinkholes, caves, and underground fissures. Karst can often 
appear in carbonate, limestone, dolomite, and even in quartzite structures (Leyland, 
2008).  
Much of the karst features under Phelps County is relatively unknown, especially 
those features beneath standing bodies of water, such as Little Prairie Lake. The ever-
changing nature of the evolving karst terrains continues to reshape this mysterious 
underground world. By mapping the Little Prairie Lake, Phelps County, Missouri, the 
research aims to help provide knowledge of the geological materials of the lake for both 
construction and conservation efforts to empower strategies for working in the region. 
1.1.1. Objectives. This study aims to: 
1. Utilize acoustic and electrical resistivity methods in mapping karst features 
beneath and adjacent to Little Prairie Lake, Phelps County, Missouri, including 
the dam. 
2. Map subsurface lithology, soil and structural features of the Lake and its 
proximity. 
3.  Map solution-widened joints and their trends. 
4. Map the variable water depth, with the goal of identifying abandoned stream 
channels and paleo channels infill. 
5.  Identify the potential hazard of submerged trees in waterways. 
6.  Map benthic habitats.  
7.  Search for unidentified archeological objects. 




9. Demonstrate the application and the advantages and limitations of echo 
sounding, side scan and down scan sonar, sub-bottom profiling, and the electrical 
resistivity methods in subsurface imaging beneath waterways in proximity of 
dams and bridges.  
1.1.2. Study Location. Little Prairie Lake is a man-made, located in Dillon, 
Phelps County, Missouri at latitude 37.9950419
0
 N, and longitude 91.6901571
0
 W, and 




Figure 1.2. Map of study area (Missouri Conservation Department, Rolla, MO, 2014). 
 
 
The Lake is surrounded by forests bordered in the southeast section by prairie. 




 97.6 acres of forest and woodland 
 95.2 acres of lakes and ponds 
 95 acres of old fields 
 32 acres of native prairie 
 95 acres of other field 
 19.61 acres of service facilities, such as parking lots and roads.  
 
Little Prairie Lake lies within the entire conservation area, owned and managed 
for recreational purposes by the Missouri Department of Conservation (MDC), and 
equipped with a concrete boat ramp on the northern shore. 
1.1.3. Significance of Research. Missouri is a state with rich karst terrain 








Cave systems, sinkholes, and underground voids underneath the larger portion of 
Southern Missouri is resulted of dissolution of carbonate rocks (Elliot, 2010). Figure 1.3 
shows the distribution of karst terrains of Missouri within the map of United States karst 
terrain. Green represents areas with present carbonate rocks (limestone, dolomite, and 
marble), dark green – exposed, light green – buried carbonate rock. Areas highlighted in 
blue comprise evaporate rocks (gypsum, hal halite): dark blue – exposed, light blue – 
buried (under 10 to 200 ft. of non-evaporate). Areas of pseudo-karst are represented by 
volcanic rocks (highlighted in red) and by unconsolidated material (highlighted in dark 
yellow). 
This research has many significant implications for the community, science and 
planning that can be summarized in the following: 
 Verifying the efficiency of using integrated geophysical tools (echo sounder, 
side scan sonar and down scan sonar, sub-bottom profiling, and electrical 
resistivity marine) to best map underground systems beneath standing bodies of 
water, such as the case of Little Prairie Lake of Phelps County, Missouri. 
 It is crucial that the community empowers itself with the knowledge of the 
karst system’s characteristics in order to potentially use it as a source of water and 
drainage, but also to avoid the disaster of building constructions too close to 
vulnerable land on top of massive karst caverns. With ongoing development in 
Phelps County, it is imperative that developers and local municipalities 
understand the nature of local karst features underneath the lakebeds. Using the 
results from these geophysical methods will help better understand the nature of 




 It is also important to understand whether a karst terrain serves as an 
underwater conduit, especially in regards to draining excess water of dams and 
reservoirs.  
 It is crucial that construction projects be aware of the heightened danger in 
Missouri in order to avoid catastrophes caused by combinations of landslides and 
sinkhole collapses. 
 One of the major problems in today’s building projects is the issue of bridge 
scour problems that can occur in karst areas; knowing their characteristics assures 
the sustainability of these bridges and dams. 
 Geotechnical evaluation of foundation design for bridges and dams requires an 
understanding of the characteristics of subsurface geological environment, 
including sediments, bedrock and benthic habitat.  
 It is important to monitor infrastructure below water bodies, identify stream 
channels at the vicinity of bridges and dams, and determine sediment build-up for 
future construction projects development, while maintaining natural resources 
remain intact. 
 The presence of fractures within bedrock and karst voids and caverns causes 
instability in load-bearing compared to massive bedrock. 
 This research will significantly provide the Missouri of Department of 
Transportation (MoDOT) and Missouri Department of Conservation (MDC) a 
good image of the subsurface beneath water bodies to avoid damages to 
infrastructure, and will provide Missouri Department of Natural Resource with 




 This research improves the knowledge about potential hazards of submerged 
trees stems, which were not removed completely prior to the construction of the 
dam, and are causing fatal accidents to users of these lakes. 
 This research provides valuable information on buried archeological objects 
such as remnants of buildings and manmade structures such as pipes. 
1.1.4. The Present State of Knowledge. Much is known about Missouri’s karst 
terrains, but not quite enough to provide building projects the assurance of starting 
construction projects without turning to geological study first. Great efforts from state 
and federal conservation efforts have resulted in a wide array of knowledge regarding the 
nature of the karst features in Southern Missouri. However, as previously stated, Phelps 
County often lags behind other counties in regards to the number of studies and resulting 
maps of karst features. Ultimately, Phelps County does not have as extensive an 
understanding of the underground structures as neighboring counties. 
Cave Research Foundation and speleological research groups, together with 
Missouri Conservation Department, have worked tirelessly to map out the extensive cave 
systems of Missouri, thereby helping to preserve some of the state’s rich water supply 
sources and its geological wonders, as well as to explore and identify the morphology of 
the underground conduit system (Harmon et al., 2006). 
Williams and Vineyard (1976) documented 97 catastrophic collapses in Missouri 
karst terrain areas. Unfortunately, due to the complex cave networks underground, 
Missouri is one of the prime sites for collapse sinkholes, making the threat of following 
landslides very real, especially in more rugged, hilly terrain. In fact, over the period from 




most dangerous because of the lack of planning and preparation for the aftermath (Reger, 
2012). Some of these sinkholes reached up to 90 m diameter, a massive collapse that 
caused incredible damage (Van Beynen, 2011). Such collapses have the potential to 
create a domino effect of surrounding landslides as the terrain adjusts. Moreover, there 
were also 46 manmade-generated collapses, 24 altered drainage-related collapses, and 
three highway construction-caused collapse sinkholes.  
It is evident that research on karst is needed for the unstudied areas of Phelps 
County, as this county provides an ideal sample area for testing integrated geophysical 
methods. The area around Little Prairie Lake is in proximity to local communities, thus 
serving as prime ground for conducting research that empowers local communities to 
make better decisions about land use. 
Studies conducted for several years in Missouri have prompted local and state 
government to step in and regulate human activity in areas susceptible to damage of 
natural environment and constructional activities. Currently, there are regulations 
concerning building and other human activities around known sensitive karst areas. 
Consequently, many municipal codes include placing buffer zones around known hot 
spots, as a two-way passive zone to protect karst from humans and humans from karst 
expansion (Fleury, 2009).  Thus, current knowledge of prior research has resulted in real 
impacts on public policy and land development. With so many caves still uncovered in 
Missouri, it is clear that the state has many more karst formations that may lie 
undiscovered, potentially threatening future development. Study of known karst hotspots 





Karst land features continuously develop in nature, and the processes that created 
the caverns in the first place continue in bedrock. Fleury (2009) observed that the 
Springfield, Missouri, local government failed to grasp the changing nature of karst 
terrain, yet the city enforced sinkhole-building regulations when construction projects 
were suspected of being endangered. The ongoing nature of erosion makes it necessary to 
have ongoing research to uncover the development mechanisms of karst features. 
Missouri is prone to karstification, owing to its richness with an extensive cave systems, 
which are composed of carbonate rocks of the limestone and dolomite types, which 
dominates the southern section of Missouri. Gasconade Dolomite is the oldest formation 
in the region, having formed ~450 million years ago, during the Ordovician time (Elliott, 
2010).  
The process of cave formation is still evolving today. Following the ongoing 
natural erosion, limestone and dolomite underneath the surface continues to be exposed 
and carved away in the bedrock, from the inside out in response to the flow of 
underground water. Elliott (2010) suggested that the formation of large deep springs and 
loosing streams is an indication of fast and rapid development of karst formation in the 
region, making it highly likely that there are plenty of other networks of karst terrain 
under Missouri, including Phelps County that have not been explored and need to be 
excavated. 
 
1.2. BACKGROUND STUDIES  
Karst terrain study using traditional techniques of drilling and hydrogeological 




studies and limitation of covered area. The development of the oil and gas industry and 
marine studies have introduced many theories, applications and techniques of geophysics 
to carry out extensive subsurface investigation of rock formations and structures, and 
reduce the high cost, time and the need for large amount of labor. Practical and 
theoretical experience proved that each geophysical technique has its particular benefits 
and limitations in studying the karst features as well as other target studies. Many 
researchers have suggested the need for integrated geophysical techniques as a highly 
successful approach for studying and mapping karst features, and apply indispensable 
results to human and community development, laws and regulation of land usage as well 
as environmental and risk hazard mitigation.  
1.2.1. The Need for Integrated and Efficient Mapping of Geophysical 
Techniques. Vertical and horizontal drilling underneath bodies of water demands an 








In vertical drilling, borehole core and riverbed sediments samples are not good 
choices to characterize the subsurface, due to its high cost and time-consuming nature.  
In addition, such traditional methods do not give an accurate image of the 
variation of riverbed sediments. Moreover, in horizontal drilling, drilling without 
knowledge about the subsurface is a critical issue, it may cause problems for the drillers 
when they face hard rocks that may damage the equipment (Figure 1.4.). Therefore, using 
geophysical methods help to determine the best location to drill, thus reducing cost and 
time.  
Unfortunately, understanding the nature of karst terrains is a difficult endeavor. 
Typical measurement instruments are often ineffective or unreliable in really providing 
researchers a strong picture of the nature of the subterranean caves. Beres et al., (2001) 
suggested the difficulty of obtaining high accuracy measurements arises from the 
complexity of the 3D setting of caves. Often, a single method does not provide the 
amount of data needed to compare different results and generate more accurate 3D maps. 
The 3D maps needed for this current research require complex calculations, using a 
variety of variables that are often limited when using a single methodology. Additionally, 
the non-homogeneity of a surface (Stewart, 1982; Van Beynen, 2011) brings extra 
difficulties pertaining to geophysical exploration of karst terrains, posing limitations in 
obtaining useful data at depths greater than 30 meters.  
The karst terrain researched in this study does not investigate open cave 
structures, which are usually investigated in actual physical excavations capable of 
providing a source of comparison for the data retrieved from field studies. The data gap 




the inability of a method to penetrate the bedrock deep enough to back up the recorded 
data. Leyland (2008) concluded that final maps would negatively be affected by the use 
of different resolutions; hence, appropriate validation methods are highly desired to 
estimate reliable and invulnerable maps during map making, indicating the importance of 
using integrated methods to fill the expected gaps in the research data (Beres et al., 2001). 
Ultimately, using integrated geophysical methods help justify the need for more 
approaches to increase the potential success in reliably mapping voids within reasonable 
depths. For even better results, boreholes used within geophysical testing can be placed 
much deeper into the surface through known conduits within the karst underground 
terrain. Such boreholes can reach depths of 300 m underground, which increases the 
ability to test at further depths than what was before possible (Van Beynen, 2011). 
The accuracy needed to really ensure that the karst terrains are flushed out often 
cannot be found using just one testing method. There is evidence illustrating how 
integrated models of geophysical methods are best for mapping potentially dangerous 
karst areas. The key here is that integrated techniques help provide better accuracy for 
mapping the underground karst terrains. This accuracy is crucial to helping empower 
local communities because they provide a better source of knowledge on how to continue 
building projects around the area. Simply, put, it is crucial for builders to understand 
what is underneath the ground they plan on building. In situations dealing with the 
construction of dams and bridges, it is even more important to understand potentially 
dangerous voids because of the already highly difficult nature of such underwater 





A more multifaceted approach helps to better map such complicated geophysical 
structures underground. Using integrated approaches allows for a better understanding, 
because one method may help fill in the gaps presented by another. Integrated approaches 
make working in especially difficult situations more reliable. Several successful studies 
have used such an integrated approach to mapping out karst terrains. For example, Beres 
et al. (2001) used a multifaceted approach in their successful excavation of a karst terrain 
in the Jura Mountains in western Switzerland. The study used two primary methods to 
test under great depths under a mountain range: ground penetrating radar (GPR) and 
microgravimetric surveys. The results from each where then compared to one another in 
order to make a much more reliable model of the cave system. The study went even 
further to compare this information to previously excavated data from within the cave 
system. This extra step helped ensure that the new readings from areas that had not been 
excavated were reliable. Beres et al. (2001) and McGrath et al. (2002) have suggested the 
use of integrated geophysical techniques to provide accurate interpretations of geological 
models over a single method in karst mapping, as well as an alternative to the grid 
drilling approach, traditionally used in mapping.  Using multiple methods helps rule out 
inconsistencies and strengthen commonly noted patterns. Although the findings were 
collected through different methods than the research presently being conducted, the 
process of using multiple methods to strengthen results is something to be noted when 
conducting future research. 
Alaamer (2014) and Backus (1984) proved that multiple reflections could occur 
when using seismic reflection at shallow reflection layers. These multiples could be 




McGrath et al. (2002) used microgravity, along with electrical resistivity 
tomography techniques, to efficiently map out the details of two karst terrains in Europe. 
Using such multifaceted techniques helps allow researchers to avoid the pitfalls of 
random drilling. The more techniques are used, the more detailed the research can get in 
regards to specifying the exact location of the karst terrain and to develop the data 
explaining its core elements and measurements. As the researchers increase the number 
of methods used for mapping purposes, the accuracy of readings also improves. 
Integrated approaches often prove essential in working with complicated karst terrains as 
well. To obtain high accuracy and to avoid redundancy of geological and topographical 
data of karst terrain, closely spaced gridding has proven to be more effective and devoid 
of background noise (McGrath et al., 2002). Some of the more traditional techniques 
cannot tell all the information needed to properly understand the nature of karst terrain 
technology.  
Kruse et al. (2006) conducted a study in Florida not only to test the usefulness of 
ground-penetrating radar in clay-rich environments, but also to test the efficiency of 
imaging individual fractures and conduits that were actually far deeper below the primary 
depression that was already recognized by prior research. Ground penetrating radar 
(GPR) is an excellent technique for mapping sinkholes in karst terrain. However, it is 
often inefficient at being able to determine whether or not the sinkhole is a strong conduit 
for underground water flow. As such, higher-resolution imaging is often needed in 
tandem with ground-penetrating radar techniques. As such, it is clear that there needs to 
be a more multifaceted approach to mapping karst terrain in order to truly understand the 




potential limitations, Kruse et al. (2006) used ground-penetrating radar in conjunction 
with resistivity methods. With this more integrated approach, researchers were better able 
to model and map not only the main deposit, but also the various smaller conduits 
underneath and surrounding it within the larger karst terrain. 
Nitsche et al. (2004) used side scan sonar, sub-bottom profiling, and high-
resolution bathymetry with several gravity cores and grab samples to obtain more 
information of sedimentary environments in subaqueous settings from the Haverstraw 
Bay section of the Hudson River Estuary. The grain size composition of the sediments 
can be distinguished by using the differences in acoustic backscatter strength. The result 
of the interpretation of the three acoustic methods revealed the differences in bottom 
roughness and sediment compaction caused by spatial variations in the modern 
dispositional environments. Moreover, eight different sedimentary classes were 
distinguished from the acoustic methods and sample data sets. In addition, the results of 
this study provided a good understanding of the dynamic processes including 
contemporary deposition, erosion, and sediment migration in sand waves for of the 
Hudson River Estuary; all of these processes can link many of the classes. This study also 
offers improvements in acoustic backscatter data interpretation from fine grained 
sedimentary environments.  
Rollet et al. (2007) used four acoustic methods (new sub-bottom profiler, 
multibeam bathymetry, side-scan sonar, and echo-sounder) in the northern Arafura Sea, 
offshore Northern Australia to identify the shallow gas and fluid migration under the sea 
floor. In this study, geochemical analyses of sampled sediments were taken. However, 




Money Shoal Basin. The combination of methods helped increase the accuracy of 
mapping methods. 
Clearly, using geophysical techniques to facilitate smarter urban development that 
works in tandem with natural karst terrains proves beneficial for the homeowners and 
residents living on top of such subsurface systems. Efficient mapping of geophysical 
techniques can save thousands of dollars in damage and even prevent injuries and deaths. 
Working with a number of techniques can help prevent catastrophes.  
Using marine geophysical methods can even facilitate the investigation of an 
archeological site and finding the objects underwater (old bridge, piers, shipwrecks, and 




Figure 1.5. Shows the old bridge at Table Rock Lake, Kimberling City, Missouri (the 




For example, the results of using side scan sonar at Table Rock Lake, Kimberling 
City, Missouri show the old bridge and pier that existed before the water covered these 









In addition, results from sub-bottom profiling (Figure 1.7.) shows the old bridge 




Figure 1.7. Sub-bottom profiling results shows the old bridge and pier at Table Rock 




One study, conducted by Finkl et al. (2005) used side scan sonar in a research 
query in the shallow waters of southeast Florida. The study actually used a combination 
of side scan sonar and sub-bottom profiling to generate reliable mapping of the sediment 
layers off of the Florida coast. The Department for Transport, Local Government and the 
Regions (2002) suggested that integrated acoustic tools can successfully map the sub-
surface underneath water bodies and locate the top of bedrock, sediments, and river 
valleys. Thus, combined with echo sounder and sub bottom profiling, side-scan sonar is 
an appropriate method for the current research study. 
Side-scan sonar devices are also used in Acoustic Bottom Classification (ABC), 
which helps monitor the topography of ocean habitats in order to increase the efficiency 
of environmental monitoring for benthic habitat mapping (Suthard et al., 2011). This 
essentially allows researchers to keep track of habitat changes in some of the ocean’s 
most vulnerable ecosystems, such as the reefs in tropical waters. Side-scan sonar devices 
have also been used to track seismic activity and geological formations along the ocean 
floor. For instance, the GLORIA side-scan sonar device, which uses low frequencies to 
help collect data for vast areas, is used by the United States Geological Survey in order to 
detect images and changes on the continental shelves (United States Geological Survey, 
2013). 
A number of studies have used resistivity techniques in order to explore potential 
for karst terrain. McGrath et al. (2002) have illustrated the success in mapping karst 
terrains with the use of resistivity techniques. In this method, the electrodes inject current 
through earthen material and measure resulting potential differences at the surface. The 




sections of the ground area being examined, which helps display karst sections and other 
subsurface abnormalities that may concern construction projects. Resistivity results can 
often be used to generate two- and three-dimensional modeling inversions to provide 
more details of the subsurface. This ability to provide such results of resistivity data 
makes the method such an important in the context of this study. 
Yang et al. (2002) also used Resistivity Image profiling (RIP) on water surface to 
study bottom structures of Lake Chung-Dah in Northern Taiwan and to examine the 
ability of using RIP technique to map the geology of the sub-water bottom. The benefit of 
using this technique is that Standard Direct Current (DC) Resistivity Sounding is rarely 
used to describe underwater structures due to the cost effectiveness of the deployment of 
underwater electrodes. Moreover, RIP technique has two significant advantages: high 
resolution and greater depth. Yang et al. (2002) used a pole-pole configuration electrode 
array. In order to process the data of RIP, the author mentions that no need to correct the 
bottom topography and water body as required for DC technique. RIP results and 
comparing with well data efficiently describe the shallow sub-water stratigraphy of the 
lake rather than the standard resistivity method. 
 Passaro (2007) utilized the marine electrical resistivity in Salerno, Italy. The 
objective of using electrical resistivity over a submerged beach along the Agropoli shore 
was to locate buried archaeological object (a military vessel, possibly from the Second 
World War) beneath the sandy seabed. The extension of the shipwreck was provided by 
vertical and horizontal electrical resistivity data which is indicated by very low resistivity 
values (about 2-5 ohm-m). However, the extension of the shipwreck as obtained from 




map which was extracted from the processing of bathymetric data was more than 30 m in 





Figure 1.8. Navigation map and “picking” of the coordinates (latitude and longitude) 
corresponding with low resistivity anomaly in inverted resistivity profiles. Asterisks in 
the A frame correspond to the vertical stripes detected in four profiles (indicated 
arrows).The union of these points (filled polygon in leftmost frame) defines an area 
having an extension of about 25/30m along NE-SW,and13-15m along NW_SE. Datum 
isWGS84,projection is UTM (Zone33) (Passaro, 2007). 
 
 
Similarly, the magnetic data showed a magnetic anomaly with amplitude of about 
1800 nT over the shipwreck. Researchers could determine the boundary of the source by 
applying the computation of analytic signal method to the magnetic data. The final 
important result in this study is that marine geoelectrical methods provide a good result 
when searching for buried archeological targets, especially in very shallow water with 




In addition, this study recommends using the different geophysical methods 
simultaneously to get a better complete image, depth, and thickness of the buried object. 
Still, there are some drawbacks such as the time-consuming nature of inversion modeling 
and insufficient resolution of the methods by which to differentiate all geological types 
which can be mitigated through a more combined approach (Frontier Geosciences, 2001). 
Inverting the data is an extra step, but, with the aid of geological mapping and seismic 
software, it can provide the most reliable 3D maps. 
Šumanovac and Weisser (2001) concluded that electrical resistivity tomography 
can be utilized to map karst terrain in shallow water; in contrast, acoustic methods are 
suitable for locating deep targets. 
Moreover, previous research has illustrated the need for integrated approaches for 
mapping karst terrains. This helps make mapping geophysical techniques more efficient 
because they can be double-checked with other data collection methods.  
1.2.2. Karst Terrains and Human Development. Karst terrains have a direct 
impact on population and housing distribution and density around Missouri State (Fleury, 
2009). An enormous percentage of the land in the United States lies in potential danger of 
sinkhole collapses, and around 20% of land is susceptible to sinkhole collapses, a fact 
that highlights the need for research (Robertson, 2013).  
In Missouri, local governments regulate overbuilding by placing setbacks, or no-
build zones, to prevent the encroachment of human structures into sensitive areas (Fleury, 
2009). These additional spaces help leave space for karst terrains to evolve naturally, 
without endangering the neighboring residences and commercial zones. This helps 




Building and construction projects can be in danger when working on karst terrain 
that is littered with sinkholes and caves. This goes for building projects both on land and 
above standing bodies of water. For example, bridges are difficult to build and maintain 
when on complex karst terrain regions. Karst terrains create a situation where the bridge 




Figure 1.9. A sketch of bedrock fractures that may make the bridge piers unstable. 
 
 
The foundations of the bridges can be subjected to sinkhole collapse (Xeidakis et 
al., 2004). Building foundations for bridges underwater is difficult enough, but the 
process becomes even more intricate when working on top of karst terrain. This forces 




and design, and development of such projects in order to avoid catastrophes (Van 
Beynen, 2011).  
Fractures in the bedrock above and the surrounding voids have the potential to 
wear down on the bedrock much faster than a surface with no fissures. Consequently, 
drilling bridge piers into karst material is critical and problematic, requiring knowledge 
of the distribution law for karst sinkhole diameters to validate the bearing capacity of 
areas of karst sinkholes (Van Beynen, 2011).   Understanding what portions of the 
bedrock to avoid will help generate stronger structures that are designed around the 
danger zones. 
Dams are also vulnerable to the impacts of karst terrains. Building on karst terrain 
is difficult for any type of projects, yet the building of dams proves even more 
problematic. Essentially, working with considerable structural loads is very dangerous on 
karst terrain. Most dams are between 100 m and 200 m high, and require tons of material 
to hold back the force of the water. Since dams require enormous weight in building 
materials in concrete, they do not fare well when built on karst terrain land (Ford & 
Williams, 1994). Dams built on karst terrains often witness leaks in the foundations and 
abutments. Fissures and underground structures serving as conduits for the movement of 
groundwater can cause serious engineering complications for dam projects (Davies, 
2012). Here, the research suggests that fissures and underground structures serving as 
conduits for the movement of groundwater can cause serious engineering complications 
for dam projects (Davies, 2012). Moreover, dam sites built on karst terrain are also often 
affected by water loss from the reservoir (Xeidakis et al., 2004). Water is funneled out of 




One tragic example of a dam project gone awry because of karst complications was the 
Hales Bar Dam in Tennessee in the 1940s. The builders knew the area was on karst 
terrain, and so filled in the bulk of the subsurface voids underneath the planned project. 
The time table and budget of the project had to be extended dramatically, taking eight 
years and 11.5 million dollars (Ford & Williams, 1994). Still, even after extensive filling, 
leaks continued to plague construction of the dam.  
There can also be problems associated with not only dams built on karst terrain, 
but even near it. Lateral leakage can be seen in dams built in areas where karst terrain is 
just upstream (Ford & Williams, 1994). 
Building dams on karst terrain require a lot of pre-planning and extra effort. 
Builders have to spend time and money filling in the larger subsurface voids with 
concrete or by using extremely long foundation posts that dig deep beneath the karst 
terrain under the top layers of sediment (Xeidakis et al., 2004). It requires much more 
effort than traditional building projects, including the selection of a simple geology with 
limited karst development and fissure intensity as well as the presence of shale or 
supporting economic material at shallow depth to allow a grout curtain extension (Ford & 
Williams, 1994). Thus, it is crucial for contractors to understand the nature of the terrain 
before even starting on planning dams and bridge projects. 
Karst terrains can have a detrimental impact on any type of building project 
(Urich, 2002). As such, the United States has conducted unprecedented research on the 
nature of how urban developing can be impacted by subsurface karst terrain to deal with 
how to develop it. Entire towns and cities reside on top of complex karst terrains, where 




Bowling Green, Kansas (Urich, 2002). In cities and regions with these subsurface karst 
terrains, it is difficult to avoid contaminating the groundwater with urban pollutants that 
come from above. In Bowling Green, Kansas, the city is helpless to defend the complex 
underground karst terrain from being tainted by pollutants which then filter into the 
groundwater source. This gets even more difficult in situations of large storms or flash 
flooding, where rain water runs through the streets and fields, picking up urban and 
agricultural pollutants as it continues to then funnel deep into the underground sinkholes 
and cave systems of the karst subsurface structure (Urich, 2002). Attempts to fill 
sinkholes by developers and homeowners and the diversion of floodwater to adjacent 
sinkhole systems have generated problems in the failure to accommodate excessive 
diverted water (Urich, 2002). This often leads to situations where the overflowing 
sinkholes collapse, devastating urban landscapes and increasing flooding in 
neighborhoods. 
A number of other man-made development projects are also at risk if located on 
top of a karst structure. A previous site here in Missouri was created within a mature 
dolomite karst terrain. Unfortunately, the site had numerous sinkholes and cave systems, 
which made any future work within the landfill dangerous, as it might have leaked into 
other ground water sources from the karst terrain underneath (Urich, 2002). Fracture 
analysis, natural potential and resistivity surveys, coupled with regional potentiometric 
data analysis methods were employed to investigate the dimensions of karst terrain and to 
determine the linkage of conduits to water. From this incredibly integrated approach, it 
was determined that water under the surface was being channeled through the karst 




monitored in regards to groundwater pollution and potential sinkhole collapses (Urich, 
2002). Without the use of integrated and multifaceted techniques to map the true size and 
nature of the karst terrain in this instance, the situation might have become direr, with 
greater potential risk of the landfill caving in from sinkholes, or pollutants seeping into 
the groundwater over an extended period of time. 
There are also agricultural implications for karst terrains found under or around 
farming regions.  The pollutants from agriculture can easily permeate into underground 
karst terrains.  Surface run-off from farms can inject pesticides and animal waste into 
valuable groundwater resources, which requires the practice of livestock exclusion 
(Urich, 2002). Agricultural landowners and developers should utilize efficient karst 
mapping techniques in order to ensure that the pollutants from agricultural use are not 
sinking deep into groundwater systems, since sinkholes lack the ability to filter 
underground water, which a natural process in non-karst terrain (Burr et al., 2001). Thus, 
Missouri needs to be aware of karst terrains in order to help avoid polluting groundwater. 
Moreover, there are also dangers of landslide problems beneath bodies of water 
within the region of a karst terrain, which is problematic to construction around the body 
of water in question. Many researchers (e.g., Waele, 2008) highlighted the association of 
landslides with sinkhole collapses as a combined threat to engineering projects in karst 
terrain regions, since landslides represent a final stage of adjustment of land to the 
damage, especially in karst areas characterized by intensive networks of underground 
pathways. Landslides that occur into flow pathways will seriously affect building 
projects. Such landslides create problems by generating extensive debris flow in 




extensive surface damage to surrounding buildings and other construction projects. As 
previously discussed, sinkholes have proven to be a major problem in and around karst 
features. Yet, sinkholes can also be tied to other related geological phenomena that can be 
detrimental for building around the area—landslides (Reger, 2012), having a domino 
effect on the surrounding environment and generating a trigger for other, potentially 
massive landslides in the region. 
As seen in Figure 1.10, when the soil bridge can no longer be held up, it collapses, 
opening up the sinkhole and filling it with the surrounding surface soil. This can 
reverberate into surrounding surface soil as the area around the sinkhole adjusts to the 




Figure 1.10. A cross-section sketch shows how a cavity develops in the soil overburden 
and causes a collapse sinkhole. This situation affects any construction stability (modified 




Faults and other seismic activity can cause a real danger for a foundation of 
bridges and dams. However, fault can be a reason of leaking dams or bridges failure 




Figure 1.11. A sketch of fault system underneath the bodies of water. 
 
 
Scour surrounding the foundation bridges is another reason of bridge failure. 
Research conducted by the Applied University Research (2013) found that the scouring 
of substrate material around bridge piers and abutments during flood season causes 
bridge failures. Wightman et al. (2003) and Deng and Cai (2010) documented that ~95% 
of failed highway bridges constructed over waterways relate to scour around the bridge 
piers, which tends to occur suddenly, without prior warning and is very difficult to 
monitor during flood events. As such, building bridges in karst terrains can be dangerous 
because the ground underneath the bridge piers is not solid and can continue to change in 




There are two primary methods by which scouring can occur. First, the Horseshoe 
Vortex is where the oncoming current waves around the abutment with high lift and 
stress around the base of the bridge. Secondly, there is one more often found in karst 
terrains, where a downstream current puts pressure onto the bottom of the bridge base, 
causing a primary vortex, which digs into the sediment and creates both upstream and 
downstream scour holes (Applied University Research, 2013). These are especially 
dangerous in karst regions because the sediment is already so unstable and has 
depressions and deep pockets under the surface, so, when the vortices crease these 
upstream and downstream scours, they can have a very damaging effect if they reach the 
underground karst terrain. 
All this scouring caused by karst terrain and other types of topology can be 
dangerous and can cause some serious damage, worth millions of dollars to the nation’s 
infrastructures of bridges and dams. Now, not all of these were due to issues related to 
karst terrains, but nonetheless raised a huge issue about building in such areas.  Engineers 
need to understand the topology of the ground they are working on and take special 
precautions in regards to working on karst terrain regions. This makes it all the more 
important to pre-plan.  Engineers need to use better and more integrated mapping 
techniques, together with the detailed knowledge of the geomorphology of sites and their 
relation to the erodibility of foundations, which has become standard practice for US 
Department of Transportation (U.S. Department of Transportation Federal Highway 
Administration, 2012). 
Gunay et al. (2000) derived some examples of the approaches used in building in 




by grouting or plugging with thick grouting mass, sand, gravel, polyurethane foam, 
asphalt, synthetic sponge, rock blocks, concrete plugs, cut-off walls, and other chemicals. 
However, it would be crucial for engineers to have a reliable map of the karst terrain in 
order to choose the best technique and ensure that all depressions and caves can be 
plugged effectively in order to prevent dangerous bridge scouring. 
Understanding the nature of a karst terrain can help projects work with the natural 
environment for alternatives or to allow for the best strategies to deal with the potentially 
dangerous voids. Major karst terrains can be partially or fully plugged and filled in order 
to strengthen the underground stability to ensure that building and construction projects 
can be completed without danger. Mining methods include plugging of major conduits 
and voids in order to fill the system; these are often seen in dam and bridge projects 
involving large bodies of water (Van Beynen, 2011). However, there is no way an 
engineer can plan to effectively plug a karst terrain without knowing its full 
characteristics. Thus, empowering local engineers and developers with in-depth maps and 
understanding of geological, hydrogeological, geostructural, and geomorphological 
analysis is necessary to enable them to better plan their projects and secure safer, more 
successful constructions. (Van Beynen, 2011). Ultimately, it is crucial that there is a need 
to collect sample data from survey sites before construction plans can be solidified; such 
detailed analysis can secure more successful construction projects with fewer incidents 
caused by karst terrain vulnerability. It is also important to understand whether or not a 
karst terrain serves as an underwater conduit, especially in regards to dam building, as 
conduits can drain water reservoirs. The karst terrains under Phelps County are not 




lot of discussion in the discourse of neighboring karst terrains, especially in Perry 
County. Yet, much of the karst terrain under Phelps County is relatively unknown, 
especially those features which lie beneath standing bodies of water, like Little Prairie 
Lake. The ever-changing nature of the evolving karst terrains continues to reshape this 
mysterious underground world. 
The presence of karst voids and caverns make the ground unable to carry the same 
level loads as straight bedrock. Planning to put too much weight or pressure over a karst 
terrain could result not only in scouring, but even worse potential sinkhole collapse. This 
is especially true in bridges built in karst areas. As such, this research seeks to use an 
integrated approach of multiple methodologies in order to best attack the problem of 
bridge scouring to prevent disasters (Transportation Research Board, 1997).  
Moreover, the research aims to help provide a reliable vulnerability map for 
Missouri officials to use in order to conserve and avoid further pollution of underground 
water sources in the area, since it has been reported that almost 75% of the water of 
Missouri rivers has partially been part of the underground water system (Missouri 
Department of Conservation and Aley, 2010). Thus, much of the water used in domestic, 
recreational, and even commercial purposes has passed through some of Missouri’s 
extensive karst terrains. The state has a large percentage of its land use being devoted to 
commercial and agricultural purposes, which have the potential to expose vulnerable 
underground water resources to pollutants such as pesticides and industrial toxins. This 
increases the need to map and protect such underground structures so as to avoid 
contamination of water from various pollutants, both industrial and agricultural. It is even 




water experiences little or no purification, indicating its high susceptibility to 
contamination, as documented by official authorities (Meramec Regional Planning 
Commission, 2004). Over 75% of the groundwater in Missouri is not cleansed through 
seeping up through fissures in the ground; instead, it is deposited straight into rivers and 
lakes without being naturally cleansed of toxins and pollutants (Aley, 2010). This creates 
a situation where the groundwater can be easily polluted, potentially causing damage in 
regards to public drinking water and costing the state the crucial funding needed to 
effectively clean water resources enough to be useable for various purposes. Mapping 
vulnerable karst terrains before pollution becomes a major issue is a proactive approach 
that is less expensive and more effective at protecting a very vulnerable natural resource.  
Elliott (2010) stated that Missouri Department of Conservation is protecting more 
than 180 caves within the extensive cave systems throughout Missouri and its associated 
geological features, and that the state lends its services to private, federal and landowners 
as part of its role. Ultimately, the organization has been promoting cave conservation 
heavily, which demands further exploration like what this current research is undertaking. 
At the same time, the public has also voiced concern over protecting such natural 
resources, especially in the midst of increasing activity from commercial mining in the 
region. It is becoming increasingly vital to provide the public and private bodies of 
interest with detailed geological and hydrogeological information to assist in sound land 
management decisions (Orndorff, 2001). As water becomes more of a concern for 
communities across the United States, underground karst terrains can become a useful 
resource. Still, it is important to map such systems in order to protect them from potential 




protection measures are vital for karst terrain because of the difficulty associated with its 
size and the and high cost of cleaning groundwater (Leyland, 2008).  It takes much more 
money and effort to try to clean a karst terrain from pollutants than it does to prevent the 
pollution from occurring in the first place. Effectively mapping karst terrains that could 
potentially provide groundwater for local communities is another important possibility 
from the efforts of this research. It is crucial to map the potentially vulnerable areas, 
using integrated methods and ongoing research, in order to provide the most reliable 
scope of the current state of the landscape. Any planning and development process should 
consider the risks associated with karst from the start of the planning process (Robertson, 
2013; Smith & Hunt, 2011). Thus, any future developments, or even improvements to 
existing structures should be carried out in the awareness of the presence of karst voids 
and caverns in order to take the necessary precautionary measures to ensure the safest 
project result.  
Ground water modeling requires more robust and accurate mapping methods prior 
to collection and extraction of the necessary data for interpreting and understanding the 
geochemistry of water in karst environments (Lee & Krother, 2001). Karst terrains 
typically store large amounts of underground water sources (Robertson, 2013). Over 
extensive periods of time, the groundwater passing through the light rock sediments 
begins to eat away at the rock layers. Ground and rain water combine with carbon dioxide 
in the soil, creating a carbonic acid that helps break down the soft limestone and other 
carbonate rock materials (Meramec Regional Planning Commission, 2004). The 
dissolving rock opens up large caverns and openings deep underground, leading to the 




passages and conduits. Thorpe and Thorpe (2011) mentioned that, within these 
underground structures, weathering concentrates along joints and bedding planes of the 
limestone, producing a number of different sculptured features. Over time, rainwater 
dissolves carbonate minerals and other soft sediments, and eventually starts to opening up 
cavities and caves within solid rock formation. 
Karst is differentiated from other geomorphic systems in that it develops in 
specific conditions of predominant importance of bedrock dissolution processes, since 
limestone, dolomite, and other carbonate materials are highly water-soluble compared to 
other geologic materials (Gabrovsek, 2002).  
In the right conditions, rain and groundwater percolates into caves and conduit 
systems instead of surface and channeled runoff (Gabrovsek, 2002). The rock is carved 
from the inside out, as water pushes through underground pathways and conduits; 
however, this growing system will stay covered by rocks that are not affected by 




Figure 1.12. A cartoon illustration of karst development in different geological structural 




In most cases, karst development is spurred by areas of seismic activity. Natural 
faults in the rock open up as conduits for water dissolving into larger depressions and 
cavities. This seismic activity also keeps the karst developing into its geological stages. 
Tectonic movement often causes rock layers to shift, resulting in the cessation of karst 
terrain development, and, in other situations, springs cause pressure equilibrium within 
the cave system and a change the direction and flow of the groundwater that had been 
causing the out-carving of cave structures. On the other hand, lithostatic pressure could 
also lead to the cessation of water flow through underground conduits and, eventually, 
the cessation of karst development, marking the end of a lifecycle that had taken millions 
of years (Gabrovsek, 2002). 
The karst terrains under Phelps County are extensive. It holds one of the largest 
sinkholes in the state. Deep in the Mark Twain National Forest, the Conical Sink is over 
100 feet deep (Missouri Caves & Karst Conservancy, 2014). Phelps County has seen an 
influx of karst development in bedrock because of ongoing seismic activity. As the earth 
continues to open up new faults within the already soft bedrock, rain and ground water 
enter into the fault lines and eat away at the surrounding rock structures, creating 
immense and complex systems of caverns and voids (Meramec Regional Planning 
Commission, 2004). 
As such, voids, depressions, and pockets are created underground, presenting 
huge complications for building an infrastructure programs and projects above the 
surface. Lee and Krother (2001) justified the failure of employing Darcy’s Law in 
modeling water flow in karst terrain regions due to the heterogeneity of karst aquifer 




porous medium through an equation that correlates the two. The rate of water discharge 
through the medium is determined by the liquid’s viscosity in relation to the pressure 
drop.  Unfortunately, karst features were not always protected because of their role in 
helping provide drinking and commercially used water sources. 
In Phelps County, the area being studied in this research, prior misunderstandings 
of karst features led to one of the area’s largest sinkholes, the Conical Sink, becoming a 
public dump until 2006. Without understanding the true nature of the karst features that 
created Conical Sink, years of dumping had contaminated much of the groundwater 
passing through the karst feature. However, it is a major feature in the karst terrain that 
connects to other sinkholes, like Slaughter Sink, and eventually the Gasconade River. 
Prior research does show that the greatest source of contaminants in the groundwater 
flowing through the karst terrain in Phelps County comes from agricultural practices of 
large number of farms around the county, compared to pollution caused by residential 
activities. Agricultural pollution affects groundwater more severely in intensely 
developed karst than less developed karst terrain; thus, greater pollution is associated 
with more complex karst systems (Tryon, 1976). Ultimately, a better understanding of the 
characteristics of karst features will help public policy generate more successful 
regulations for agricultural land use in vulnerable areas. Efforts from the Forest Service 
and the Missouri Caves & Karst Conservancy have been successful in helping curb 
illegal dumping and starting campaigns to clean the Conical Sink and neighboring karst 
terrains. 
Karst terrains can also be huge sources of water for growing residential needs. 




matrix and in karstic voids underground. In many karst terrains, conduits, sometimes 
several meters wide, help move underground water to surface springs or aquifers 
(Leyland, 2008).  
For example, Izeh in south west Iran relies heavily on groundwater from an 
extensive karst terrain (Naghdizadegan, 2010). Such sources of water do not just provide 
drinking water, but also water used in manufacturing, agriculture, and other municipal 
activities. 
Hung et al. (2002) illustrated how the industrializing nation of Vietnam began to 
tap into karst water sources to provide drinking water and water for agricultural purposes 
in 1998 to rural, remote areas that otherwise were importing water from local neighboring 
nations. Vietnam had been forced to import water from other countries to meet the 
growing demand of its citizens until a karst terrain was discovered in 1998 in the 
Suoimuoi catchment in a North West region of the country. According to the study, the 
major challenge of water supply deficiency during the dry season and excess of water 
during flood season was resolved by the thorough understanding of the underground 
drainage systems. (Hung et al., 2002) 
Getting a better understanding of underground karst terrains allows communities 
like the ones in rural Vietnam to better prepare and plan their drainage systems and 
provide water for their domestic and commercial needs. Infrastructure projects in the 
future to prevent flood damage can thus be paired with existing underground drainage 
systems that naturally occur within karst terrains, allowing community planners to work 




Ultimately, this requires current research to empower the local community and 
municipalities as well. 
Interestingly enough, local communities benefit from karst terrains beyond water 
provision of underground water sources; such terrain could further be utilized to drain 
certain areas without the need for high-cost infrastructure projects. The stored water of 
the phreatic and the flowing water of vadose zones drains through karst systems, which 
functions as a network of pipes for high hydraulic conductivity aquifers (Leyland, 2008).  
Essentially, this can serve as a natural pipe-line for helping drain rain and flood water out 
of particularly low-lying areas which have a higher tendency to flood and collect water in 
rainy reasons. Pre-existing karst systems can help engineering projects aimed at drainage, 
especially in cases of heavy storms (Beck & Pearson, 1995). When flooding gets out of 
hand, the natural conduits of underground karst terrains come in handy. Moreover, this 
also creates a situation where blocking certain conduits may disrupt the natural flow of 
the existing environmental drainage from the karst structures in the limestone and 
dolomite. Engineers need to be aware of karst terrains and their connection to other 
systems that drain out of the area. Construction that fills karst features may ultimately 
plug necessary bloodlines of major conduit systems. In order to avoid this, any attempt to 
fill karst features needs to be double checked in regards to how that might impact the rest 
of the geological system in the area. 
Together with a crucial role in providing drinking water resources, understanding 
evolving karst terrain is important for conservation and public safety efforts. Mapping 
karst terrains also helps aid other research relating to water use. Understanding the 




biological research. For instance, hydrogeological research often uses the maps of karst 
terrain to plan for groundwater studies and understanding the conditions of aquifers 
(Palmer et al., 1999). 
Mapping karst terrains has been in practice for centuries. Scientists have been 
mapping and studying karst terrains since underground water systems were discovered at 
Lake Cerkinica by Johann Weikhard von Valvasor in 1689. Prior techniques were often 
limited to studying the porosity and permeability of rock formations, but these were 
limited based on the notion that no imaging techniques existed to really help map out 
potential karst features (Goldscheider & Drew, 2007). Thus, most researchers depended 
on methods linked to mineralogy, lithology, and stratigraphy. Mineralogy relies on 
studying the mineralogical composition of bedrock samples in order to judge the 
chemical solubility and thus it’s potential to karstify. This field of research helped build 
the foundation for hydrogeology in regards to classifying the types of rocks that are most 
susceptible to chemical and water solubility. One of the typical sediments seen in karst 
terrains are in carbonate materials (Goldscheider & Drew, 2007). These typically include 
limestone and dolomite, as seen previously. In recent years, developments in technology 
have augmented the excavation of karst terrains. New technology have allowed 
researchers to use sonar and electromagnetic charges to take readings of actual rock 
material in order to extrapolate formations from deep within the bedrock. 
This region in Missouri has its own set of unique features that make it different 
from other karst terrains. The complex cave systems often hold incredible and rare 
creatures. Cave fish, crustaceans, and other species live in these extreme underground 




within the extreme environment of the underground karst system. Taylor et al. (2010) 
extensively studied the digger crayfish within the Perry County karst terrain, discovering 
that those populations in the Perry karst had evolved differently compared to other digger 
crayfish in nearby areas and other karst terrains in the region. It even has its own sub-
species of cave fish, developed separately from neighboring communities due to the 
remoteness of the underground Perry Karst. This helps demonstrate the remoteness and 
extreme nature of the underground of a karst terrain. Many of the species found within 
these extreme environments are incredibly vulnerable. For example, the grotto sculpin, 
also found in the Perry karst, are currently on the endangered species list (U.S. Fish & 
Wildlife Service, 2012). The grotto sculpin is actually also found within the very 
sinkholes that are so dangerous to building projects surrounding karst terrains (Krejca, 
1994). Unfortunately, it is endangered primarily because of water pollution from drainage 
of above-ground water with agricultural pollutants and other toxins. This species lives 
only in five known cave systems in Perry County, making the need to avoid further 
pollution of these systems even more crucial. 
 
1.3. CONVENTIONAL APPROACHES TO WORKING ON WATER 
Some unusual hazards present themselves when a person works on water. As a 
result, several precautions must be taken where a fall into the water may happen. Some 
instructions should be provided for the people who will work over water, including: 
1. Getting a license for driving the boat.  




3. Wearing a life jacket, and avoiding heavy clothing which, when wet, would 
make swimming impossible. 
4. Keeping electrical cables away from water that may damage the geophysical 
equipment. 






















2. LITTLE PRAIRIE CONSERVATION AREA 
 
2.1. INTRODUCTION 
This chapter describes climate, soils, vegetation, the topographic and geological 
setting of study area, as well as the significance of constructing the William E. Towell 
Dam. The chapter will also include the description of major sinkholes of Phelps County. 
 
2.2. WILLIAM TOWELL DAM 
William E. Towell Lake is located in a conservation area that is a popular 
destination for adventure tourists and nature lovers. However, it offers a variety of 
landscapes that encompass shorelines, fishing ponds, imminent and permanent streams, 
and Heilbrunn Prairie in its vicinity.  
Missouri Conservation Department completed the William E. Towell earth dam 
on a rocky foundation in 1965 and upgraded it in 1988 for a maximum water depth of 32 
feet (Figure 2.1). 
The dam is ~48 feet high, extending ~1,500 feet long to allow normal to 
maximum storage of ~ 1,300 to 1320 acre-feet, with total drainage of ~1,540 acres, and 
discharge of ~3150 cubic feet per second. The broader area of the lake covers ~342 acres.  
The dam was constructed on a tributary of the Bourbeuse River in Phelps County, 
Missouri, one of three regulated dams in Phelps County, which host 29 dams. The usable 
surface area of the dam is ~100 acres, and, according to the Missouri Department of 




The Bourbeuse is one of the two major tributaries of the Meramec River. It 
traverses a number of counties in the Ozark region before it terminates into the Meramec 




Figure 2.1. Aerial photographs showing the sequence of Little Prairie Lake development 




The mean annual precipitation of Missouri ranges from ~34 inches in the northern 
to more than 46 inches in the southeastern regions (Figure 2.2).  
Barks (1976) stated that high precipitation values occur between April and June, 
whereas low precipitation amounts are recorded during November to January. The 




to the south, respectively, and the mean annual deficiency ranges between 6 to 8 inches, 
from northwest to southeast. 
 The annual precipitation in the area of Little Prairie Lake is approximately 40 
inches, which is close to the national average of 42 inches (National Oceanic and 
Atmospheric Administration, 2015). The mean annual lake evaporation is about 40 









2.4. VEGETATION AND SOILS  
Management of large water bodies such as Little Prairie Lake and Towell Dam 
and the soil beneath them require considering several factors, including pond reservoir 








The study area hosts different vegetation types such as Milfoil weeds, prairie 












Soils in Missouri State are divided into two halves from east to west 
approximately along Interstate 70 highway where each half consists of series of blocks of 
different soil types, originally derived from glacial deposits. The northern half is 
composed of fewer than 100 feet of glacial deposits of clay, silt, sand, gravel, and 
particulate earth material, and the southern half, which includes Phelps County and Little 
Prairie Lake, is composed of cherty-clay residuum and colluvium derived mostly from 
shale and clay (United States Department of Agriculture, 2002). The soil of the lake area 
is sandy in the areas underpinned by Jefferson City Sandstone and varies in depth 










Figure 2.7. Soil and rock classification obtained from water wells data. 
 
 
The loam in the area of the lake comes in many forms, but there are about a dozen 




loam, Plato silt loam, Union silt loam, Rosati silt loam, Lebanon silt loam, Racoon-
Freeburg complex, Deible silt loam, Horsecreek silt loam, Possumtrot fine sandy loam, 
Kaintuck fine sandy loam and Razort silt loam (Figure 2.8). Slopes of these loams range 
from 1% to 3 %, with a minimum of 0% to 1%, and a maximum of 2% to 5% (United 




Figure 2.8. Cares map for soil (University of Missouri Map room). 
 
 
2.5. TOPOGRAPHIC SETTING 
The study area is characterized by undulating topography at the vicinity of the 




regular, unlike its southwestern jagged shoreline (Figure 2.9). Two main streams traverse 
the study area, and convolve close to the foot of the dam in a V-shaped sign, pointing to 
the northwest. The outflow of the lake waters is maintained through a spillway that 








Sinkholes remain the most common topographic features in Phelps County, and 
they are more located in the southern and southeastern parts of the county where the 
Roubidoux Formation is deeply weathered, a formation indicative of underlying bedrock 




Conservancy, 2014). Conical and Slaughter are two of infamous sinkholes of Phelps 








2.6. GEOLOGICAL SETTING 
The oldest exposed bedrock formations in Phelps County are Gasconade, 
followed by Roubidoux, then Jefferson City-Cotter. These formations are capped by 





 towards the north and northwest (United States Department of Agriculture, 2002).  
The Gasconade Formation varies in thickness between 260 and 330 feet and consists of 
massive beds of brown to light gray dolomite (Harbaugh, 1983), mixed with white to 




characterized by brown to brownish-red sandy dolomite, cherty dolomite, and sandstone 
(Heller, 1954) that outcrops as sandstone and sandy dolomite in the exposed areas of 
Phelps County, and is marked by the existence of course sandstone fragments and chert 
on the surface. The Jefferson City-Cotter Formation is gray to brown dolomite 
intermingled with chert, sandstone, and shale layers ~125 to 200 feet thick (Heller, 1954). 
These formations are often buried by sandy soils, leaving scarce scattered outcrops 




Figure 2.11. Stratigraphy in the study area. 
 
 
The upper most formation of the Pennsylvanian consists of clay and sandstone, 
located in the northern parts of Phelps County. These clay deposits exhibit a white and 
purple color whenever they exist, especially when they are encountered along areas 




Although Missouri is the proximity of the infamous New Madrid seismically 
active zone, the study area of Little Prairie Lake is embedded by minor local faults 
trending NW-SE that are geologically stable and have no recent movement records 
(Figure 2.12)(United States Department of Agriculture, 2002). 
The Little Prairie Lake falls within the Salem Plateau Uplands, dominated by 
Pennsylvanian deposits and topped by Ordovician Jefferson City Dolomites (Figure 
2.12). 
The Pennsylvanian deposits consist of relatively watertight, medium to massive 
beds of dolomite. The deposits exhibit different properties, exemplified by silty-loam on 














This chapter explains the basic concept of the marine geophysical methods used 
in this research. Each method will be described and illustrated individually. Each 
geophysical method has its own advantages and limitations that will be explained. 
    
3.2. GEOPHYSICAL METHODS 
Each geophysical method directly or indirectly measures one or more of the 
physical properties of earth’s materials. Such physical properties as conductivity, seismic 
velocity, electrical resistivity, and density of earth material differ from rock to rock and 
even within the same rock type due to several parameters that include moisture, salinity, 
clay content, lithology, and temperature. For instance, differences in the seismic velocity 
and electrical resistivity values of dry and saturated soil, weathered rock and intact rock 
can be identified and interpreted (Table 3.1 and Figure 3.1). Seismic wave velocity refers 
to acoustic wave velocity that varies in homogeneous and heterogeneous media, as a 
result of variations in many factors including, temperature, pressure, salinity, porosity, 
permeability, lithology, and density. Moreover, an increase in temperature by 1
0
C can 
increase acoustic velocity in water by 4.0 m/sec., and an increase of acoustic wave 
velocity in water of 1.4 m/sec is caused by an increase of 1 ppt in the salinity. Acoustic 
velocity in water also changes with increasing depth at a rate of 1.7 m/sec. per 100 m 
depth (R2Sonic LLC, 2009). Acoustic velocity is dependent on rock-type, such that the 




rock. Decrease in porosity causes increase in acoustic velocity, while decrease in 
permeability positively increase acoustic velocity. This also implies that density is 
subjected to increase or decrease, since it directly related to porosity and permeability. 
Acoustic velocity decreases in water-saturated and clay contained fractures of limestone, 
due to the wave scattering they cause. It is generally true that acoustic velocity increases 
with the decrease in water saturation of sedimentary rocks (Telford et al. 1990).      
 
 
Table 3.1. Typical values (averages and/or approximate ranges) of elastic constants, 
density, Poisson's ratio and acoustic wave velocities for some selected materials, 
unconsolidated sediments, sedimentary rocks of different geologic age and igneous/ 





Electrical resistivity varies relative to the type and properties of the subsurface 
rock material. Igneous, metamorphic and sedimentary rocks exhibit different 
characteristic electrical resistivity values, which are affected by the degree of moisture, 
fracturing and clay content (Palacky, 1988). Igneous rocks generally have higher 
electrical resistivity values than metamorphic rocks which, in turn, is typically higher 
than sedimentary rocks. On the other hand, fractures and moisture can lower electrical 
resistivity value, irrespective of the type of rock. Figure 3.1 shows the electrical 
resistivity variations based on rock types and unconsolidated material (Daniels & 




Figure 3.1. Typical ranges of electrical resistivity (ohm-m) or conductivity (mS/m) for 




Porosity and permeability, associated with sedimentary rocks, produces very low 
values of electrical resistivity, with a typical range of 10 to 10,000 Ohm-meter, and an 
average of 1000 Ohm-meter for most sedimentary rocks (Daniels & Alberty, 1966; 
Telford et al., 1990). The least electrical resistivity values are reported with ground water 
and its dissolved salt content (10 to 100 Ohm-meter). Electrical resistivity of 
unconsolidated material vary between ~10 to less than 1000 Ohm-meter, based on 
porosity, saturation and clay content, as could be shown in Figure 3.1, whereas wet clay 
has lower electrical resistivity value than dry clay. In addition, electrical resistivity values 
increase when the temperature increases. 
Since the current research investigates the subsurface on land and beneath 
standing bodies of water, it is important to use underwater measurement techniques. 
Acoustic methods were utilized in this study to measure the depth of layers and image or 
map lakebed, sediments layers, bedrock, and other objects beneath, by recording the two 
way travel time of acoustic waves. In contrast, electrical resistivity methods, which 
depend on injecting electrical current into water and earthen material and measure the 
electric potential differences between electrodes, are used to measure the electrical 
resistivity value of the water and sub-surface.  
3.2.1. Shallow Marine Acoustic Methods. Researchers routinely use acoustic 
tools to map lakebeds and the underlying strata. These tools (e.g. echo sounder, sub 
bottom profiling, and side scan sonar) typically measure the amplitude and travel time of 
the acoustic wave that reflects from water bottom, lithological interfaces, and other 







Figure 3.2. Shows amplitude and travel time of acoustic wave at different depths. 
 
 
The principle by which acoustic methods works is built on generating a beam of 
acoustic waves that travels to hits objects and reflects back in a form of echo to determine 
depth and nature of objects above and under water bottoms (Vaduva, 2000) (Figure 3.3). 
The advantage of this beam is the reduction of the attenuation as it provides high spatial 








The released acoustic energy propagates in a form of a high frequency short duration 
pulse of compressional wave energy between 3.5 KHz  and 800 KHz (shear wave velocity in 








The reflection of acoustic energy by objects is dependent on the angle of 
incidence of waves and the acoustic impedance of interface. In this investigation design, 
the acoustic tools record energy that is vertically transmitted and reflected back; hence, 








This process generates an echo that is used by echo sounder, side-scan sonar, sub-
bottom profiler and acoustical geophysical devices to obtain water bottom, sediments 








The need for acoustic, non-destructive geophysical techniques has hastened the 
development of this technology as well as simplified its use and reduced its cost. The 
goal of this research was to map water depth and objects lying on lakebeds, sediments, 
bedrock layers, and objects underneath water bodies. For this purpose,  it is important to 
consider the relationship between penetration depth of acoustic energy and the frequency 
of the measuring devices. In general, low frequencies have longer wavelength that 













In addition, petetration depth is determined also by the type of earth material, 
such that wave penetration of 3.5 KHz transducer in soft material of clay and silt may 
exceed 100 meters deep, while compact sand or gravel tills absorb signal and reduce 
penetration depth.  
The amount of reflected acoustic energy (reflection coefficient) between two 
layers (Table 3.2) is dependent on their acoustic impedance, above and below their 
interface (Sylwester, 1983). The acoustic impedance is defined as the multiple of velocity 
and density of the layers:  




Where Z = Acoustic impedance (g/m
2
s);  
         ρ = Density of the material (g/m3) and  
           V = Velocity of sound through the material (m/s) 
Reflection coefficient at normal incident is calculated using the equation 
(Sylwester, 1983): 
Rc = (Z2 – Z1)/(Z2 + Z1) = Ar/Ai                                          (2) 
Where Rc = Reflection coefficient for this interface;  
   Z1 & Z2 = Acoustic impedance of material above and below the interface, respectively 
   Ar & Ai = Magnitude of the reflected and incident waves at the interface, respectively 
 
The magnitude refers to the maximum displacement of periodic wave (height of 
wave) (Figure 3.8). The highest magnitude of reflection may occur between water and 
limestone interface (Table 3.2). 
 
 





Figure 3.8 below shows an example of reflection coefficient between water/air 
interface, by substituting values for velocities and densities in equation (2): 








The reflection coefficient between water/clay interface (Figure 3.9), by 
substituting values for velocities and densities in equation (2): 









The reflection coefficient between water/limestone interface has the highest 
magnitude (Figure 3.10), by substituting values for velocities and densities in equation 
(2): 








The reflection coefficient between sandstone/limestone interface can be 
calculating as seen (Figure 3.11), by substituting values for velocities and densities in 
equation (2): 









This study employed a number of methods to collect data, verify, and cross-check 
obtained measures, described in the following sections. 
3.2.1.1. Echo sounder (ES).  The echo sounder was developed 100 years ago for 
use by the military in marine environments (Thorpe & Thorpe, 2011). It uses high 
frequency ranges (fathomer) to acquire measurements. This technology gained greater 
levels of accuracy, and became a popular acoustic method in similar studies of exploring 
changes of water bottom in marine environments.  Acoustic pulses are transmitted into 
water in a vertical single wave at frequencies between 24 kHz and 340 kHz and 
determine objects on the water bottom (Vaduva, 2000) (Figure 3.12 & Figure 3.13). 









The measurement of depth is acquired by measuring time intervals between 
emitted sounds and returning, the velocity of water is known as approximately 4500 




Figure 3.13. Basic echo sounder operation (modified after Mueller & Landers, 1999). 
 
 
This technology utilizes a straight downwards single wave to accurately 
determine the depth of lakebed (Savini, 2011).  
Echo sounders are often used by large commercial vessels to determine safe water 
depth for navigation (Smith, 2013).  Land and Paull (2000) found that echo sounders are 
efficient in showing the depth of standing bodies of water and the slope angles of the 
bottom surface, and eventually help define the nature of water bottoms and provide 
information on objects on the ocean floor, and as well, the existence of pipes or cables 









 The advantage of echo sounder equipment is that this tool is easy to use and 
portable, with high accuracy results. 
The single beam of echo sounders has some limitations.  The single beam method 
of this technology limits the breadth of acquired depth to single scans and can only 
collect data from its immediate path, thus limiting the mapping area and size and 
requiring longer time to cover a large study area compared to other tools such as 




system measuring capability is limited by the depth of water where it operates at depth < 
3 feet.  
3.2.1.2. Sub-bottom profiling (SBP).  Sub-bottom profiling works in a manner 
similar to the principle of an echo sounder, but it uses wide and fixed bandwidth lower 













SBP is a sonar technique in which the equipment applies high-energy acoustic 
pulses to the seabed. The reflected energy is detected and recorded by sensitive array 
systems (Department of Transport, Local Government and the Regions, 2002). This 
technique is utilized in acquiring detailed properties of vertical planes suitable for 




different frequencies used by this technique acquire data in different environmental 
conditions.  Low frequencies are often used for greater depths and high frequencies are 
used for shallower water bodies to avoid reverberation, which would jeopardize readings. 
This research benefits from the high frequency sub-bottom profiling (10 kHz)  to 
obtain images of the lake and subsurface structures beneath water bodies less than 100 
feet deep, whereas low frequency sub-bottom profiling (3.5 kHz) will be used for higher 
penetration less than 200 feet with lower resolution (Caress, 2010; Sea Vision, 2007).  
 Sub-bottom profilers have some applications include: (a) the detection of 
underground structures and deposits within shallower waters; (b) the investigation of 
streams and bridge scour, and leaking of dams; (c) mapping of underwater terrain for the 
purpose of constructing large building projects, dams and bridges (Sea Vision, 2007); (d) 
the detection of seismic activity under river floors; (e) the detailed investigation of 
sediment changes and suggested relationship with fault lines and other seismic activity 
(Figure 3.16) (Savini, 2011); and (f) the detection of depressions that signify the presence 




Figure 3.16. An example of sub-bottom profiler in mapping the top of rock and sediments 




The major advantage accounted for sub-bottom profiling is the potential for 
imaging large areas at high levels of accuracy (Sea Vision, 2007), and its software is 
capable of filtering raw data to produce high-resolution images, while maintaining 
control of focusing on objects of interest (Sea Vision, 2007).   
Distortion of beam patterns by reverberation resulting from shallow water depth is 
considered a disadvantage of sub-bottom profiling, which necessitates the use of other 
supporting techniques in mapping lakes, irrespective of the use of ping, chirp or boom 
(Caress, 2010). In marine seismic exploration, multiples (reverberations) arise from the 
difference in reflectivity between different interfaces (water/sediment, water/rock and 








3.1.1.3. Side scan sonar (SSS). Side scan sonar emits a wide, fan-shaped high 
frequency of acoustic beams on both sides of the boat and perpendicular to the boat track 
line with several hundred feet coverage using a “torpedo-like tow fish” dragged through 
the water (Figure 3.18). Acoustic beams create images and capture large areas of lakebed 




Figure 3.18. Shows side scan sonar principle (Kvitek et al., 1999). 
 
 
The emitted acoustic wave crosses over the bottom surface area at a wide angle, 
thus increasing the beam span. Scans of side scan sonar are acquired as pixels that are 
transferred into images (Kvitek et al., 1999). Side scan sonar uses a range of very high 
frequencies (200 KHz to 800 KHz) that produce high-resolution topographic images of 
lakebeds, at varying depths. The highly efficient mapping capability of SSS is coupled 




provide sonograph images to explore the nature of materials on the seafloor (Savini, 
2011).  
Side scan sonar is an efficient tool to determine benthic habitats, pipes, and 
boulders. Side scan sonar can detect submerged and dangerous objects that affect 
navigation such as trees beneath water bodies. In addition, not only can side scan sonar 
image bedrock outcrops and detect depressions, it can also be used to locate archeological 




Figure 3.19. Side scan sonar image of Herbert D. Maxwell’s shipwreck (National 
Oceanic & Atmospheric Administration, 2006). 
 
 
Modern side scan sonar devices are becoming much easier to use compared to 
previous generations, and are widely available for the public and researchers alike 
(Nueman, 2013). Another advantage of these systems is their capability of producing 
continuous coverage imagery of seafloor surface, at all depths with using different 




shallow water depth make them valuable tools for creating accurate images of lakebeds, 
more than other technologies like echo sounders (Wilson, 2011). As this technology is 
especially useful in low-visibility conditions, such systems are necessary in underwater 
construction projects.  
The main disadvantage of side scan sonar is that this tool does not provide 
information for depths.  
A crew of the University of Missouri of Science and Technology, associated with 
Missouri Department of Transportation (MoDOT), acquired down scan sonar, sub bottom 
profiling and side scan sonar data at Table Rock Lake, Kimberling City, Missouri, in 
May 2014 in order to map the old submerged bridge at depth of ~125 feet, and the piers 









Result of down scan sonar, sub bottom profiling, and side scan sonar were able to 

















Sound wave energy of sub bottom profiling was reflected back from lakebed and 
was unable to penetrate lakebed to obtain information of subsurface (Figure 3.22).   
The properties, advantages and disadvantages of the methods used to collect the 
data for this study is summarized in Table 3.3 below.  
 
 





3.2.1.4. Seismic resolution. Datasonics (1996) defined seismic resolution as the 
minimal distance between two objects whereby an interpreter can visually identify and 
distinguish the objects individually. 
3.2.1.4.1. Vertical resolution.  The vertical resolution of an acoustic sub-bottom 
profiler refers to the minimum distance that can visually be identified in the image 
produced by the system (Figure 3.24). Interestingly, seismic interpreters perceive 
resolution from a vertical sense. However, vertical resolution decreases with wave travel 




instance, a 3.5 KHz transducer with 8 cm resolution will be able to distinguish the layers 
that are at a distance greater than 8 cm and will consider the two layers as one layer for a 




Figure 3.24. Show the comparison of the vertical resolution between low and high 
frequency waves (Doyle and Bennett, 1998). 
 
 
3.2.1.4.2. Horizontal resolution and Fresnel zone. Yilmaz (1988) defined 
horizontal resolution as the minimum distance between two horizontal objects before 
they are visualized as one, dependent on the frequency and the velocity. Unlike waves, 
rays are extremely thin and planar in nature, thus allowing for resolving lateral extent.  
On the other hand, waveforms are non-planar; thus, their returned reflection is 




arriving at the same interval. This property of waveforms led to the principle of “First 
Fresnel Zone,” which considers the object area that first reflects the wave as “First 
Fresnel Zone.” The resolution power decreases with the increase of the wavelength to 
greater than 1/4
th




Figure 3.25. The First Fresnel Zone. 
 
 
The Fresnel Zone of unmigrated seismic data is used to determine the horizontal 
resolution between two objects (Sheriff, 1980) as given by equation (3): 
 






Fn = The nth Fresnel Zone radius in meters 
d1 = The distance of P from one end in meters 
d2 = The distance of P from the other end in meters 
λ = The wavelength of the transmitted signal in meters 
 
 
However, there is a limit to the horizontal width that is possible to interpret using 
seismic data and the popular Rayleigh Criterion (Figure 3.26), which is used determine 
the wavelength (Sheriff, 1980). To distinguish two reflective surfaces, the Rayleigh 
Criterion suggests that they must be ¼ wavelengths in thickness. The main assumptions 
in this criterion are that the seismic signal has one frequency seismic wave travel at one 








3.2.2. Electrical Resistivity Tomography Method (ERT). This technique inject 
electrical current into land and lakebed sediments as well as measures the resulting 
potential difference within sediment material and determine conductivity change and 




Figure 3.27. The basic concept of DC resistivity measurements (Open EI website). 
 
 
Electrical Resistivity Tomography (ERT) is often used as a traditional method for 
determining electrical resistivity on dry land and beneath standing water bodies, whereby 
electrodes are placed on land, under water or towed on water surface, thus penetrating 
deeper than other acoustic methods in generating readings. Wei (2011) suggested that this 
technique measures the physical properties of subsurface material, where the 
measurements obtained could be used to determine pore space and substance fluidity. 




suggested that this will generate 2D resistivity profiles for urban areas to detect 
embedded sinkholes. 
The current study comprises both land and water that requires the use of a subset 
of electrical resistivity method to be applied to marine environment. Marine resistivity 
testing applies the same principles of ERT to underwater and land investigation, which 
could prove useful for this research. Recent advances and development of multi-electrode 
systems have made it possible to submerging electrodes under water surfaces, unlike 
former technology that has been confined to the surface. Moreover, Continuous 
Resistivity Profiling (CRP) was introduced to generate 2D continuous profiles using data 
collected from eight channels every few seconds via towed electrodes on the water’s 
surface without the need to set them up after every measurement. Typically, CRP 
equipment needs to be calibrated using echo sounder equipment in order to record the 
varying water depth of the study area. 
The current research will employ this technique in conjunction with 2D image-









Electrical resistivity tomography methods further identify depressions and voids 
in bedrock, as well as obtain the apparent resistivity, which exhibits low values in 
saturated media and cavernous material, and higher values in dense rock and air-filled 
voids (Frontier Geosciences, 2001; Singha & Gorelick, 2005; Stewart, 1982).  
Marine electrical resistivity methods lend themselves to archeological 
investigation of buried objects under the soft sandy seabed, as well as for orienting 
research and excavation sites. The ability of resistivity to provide a detailed description of 
changes in sediments suggests its use as an efficient method for mapping out depressions 
and voids within karst terrains (McGrath et al., 2002). This property can also be used in 
detecting the existence of fault systems, since the differential electrical resistivity change 
could determine the different types of voids within a fault structure. Moreover, marine 
electrical resistivity methods can be used to determine the depth bedrock. Limestone and 
dolomite tend to be less conductive than sediment materials, making this an appropriate 
method for use in this particular context. Furthermore, when rock properties change, 
resistivity readings change respectively. 
Recent developments in (ERT) technology have dramatically improved over the 
past several decades in efficiency, availability and reliability, and many of the newly 
released commercial systems have included innovative and sophisticated mapping 
systems built on the inversion algorithms that produce electrical images to accurately 
model 2D and 3D sub-surfaces. The CPR method can be efficiently used to cover a large 
area and in less time. In addition, the equipment is very light and portable. Another 
advantage of CRP is that electrodes do not need to be set up after every measurement. A 




resolution decreases with depth, making it less desirable for densely packed rocks 
(McGrath et al., 2002).    
Another limitation of CRP is that, when increasing the distance between 
electrodes for CRP, the number of readings will be less dense. That means small objects 
cannot be determined. 
For the purpose of this study, electrical resistivity is an appropriate method, owing 
to the shallowness of water (~ 35 feet). Acoustic methods have some limitations, which 
favor the use of marine resistivity methods, instead (Passaro, 2010). Passaro (2010) and 
Šumanovac and Weisser (2001) have suggested that two-dimensional resistivity methods 
can be used efficiently, whereas seismic methods can be more useful for investigating 
deeper targets, owing to the poor resolution of electrical resistivity methods. Since water 
is a strong conductor of electricity, this method proves a very appropriate method for 














4. GEOPHYSICAL DATA ACQUISITION 
 
4.1. INTRODUCTION 
This chapter describes the data field acquisition of the six geophysical methods 
that were used in the research.  The process of collecting the geophysical data is outlined, 
including the geophysical techniques that were chosen to image the sub surface 
underneath water bodies.  The acoustic methods included echo sounder, side scan sonar 
and down scan sonar, and sub-bottom profiling.  In addition, the research implemented 
electrical resistivity tomography methods, including electrical resistivity methods on 
land, underwater cable, and mobile towed cables.  Moreover, the multi-channel surface 
wave method (MASW) was utilized on land and close to electrical resistivity tomography 
profiles to determine the top of bedrock and to get integrated results.  Ground truth (soil 
samples from the lakebed) was collected to verify the geophysical results. 
  
4.2. MARINE GEOPHYSICAL DATA ACQUISITION 
Acoustic and electrical resistivity methods require a specific procedure in order to 
produce the most reliable data that can be used in mapping.   
Acquiring geophysical data in a marine environment requires detailed plans, 
carefully drawing out lines with which the data collection is to be conducted that 
maximizes the accuracy of the readings and ensures that the entire sample area is 
sufficiently covered. Due to the nature of the equipment and the type of readings 
produced, each method requires a separate consideration in regards to how wide the 




Each method thus demands different lengths between lines, with side scan sonar 
requiring fewer lines with a wider distance between them, while sub bottom profiling 
demands more densely packed sets with an increased number of survey lines.   
The planning of line passes also depends on the depth of the water below, as 
acoustic and electrical resistivity methods often have different levels of depth where they 
are most accurate and reliable.  All acoustic methods require a water depth of at least 3 
feet, as data is compromised in shallow water depths.  On the other hand, electrical 
resistivity methods are limited only by the ability for the vessel to safely navigate waters 
of different depths.  
Moreover, the various marine methods require different speeds in order to 
maximize their efficiency.  With the speed of the vessel impacting the speed and swathe 
of the tow vehicle, it is crucial to pinpoint the exact speed that is most beneficial for 
producing the highest quality of data.  Increasing speed too much can have the impact of 
also increasing the swathe width, which may result in overlapping or gaps if the speed 
does not correlate appropriately with the width between plotted lines. This increased 
swathe width ultimately leads to a reduction in resolution (Department for Transport, 
Local Government and the Regions, 2002).  Thus, higher speeds may jeopardize the 
accuracy and reliability of the data recovered, as yielding lower quality data for a wider 
breadth of the lakebed surface.   Yet, speeds that are too slow can negatively impact the 
ability of the tow vehicle to be maximally efficient.  Anything three knots and below can 
result in very little to no swathe, causing a limited scan of the survey area.  This would 
ultimately require more lines required to cover the same surface area of the lakebed.  In 




conducted in comparable terrain.  The Department for Transport, Local Government and 
the Regions (2002) suggests that a speed of five knots allows the research to run 
smoothly without impacting quality.  Thus, the vessel used in executing the acoustic and 
electrical resistivity methods would provide the best quality data if kept at a steady speed 
of 5 knots.  Still, this did prove difficult to execute throughout the entire time of the 
survey, based on weather conditions and the limited manpower engaged with the testing 
procedures. The average speeds recorded throughout the entire data collection process 
were between three and four knots.  Although the speed was not the ideal five knots 
described, it proved efficient in producing data with a high enough quality to analyze it 
appropriately. 
As mentioned before, ground truth (seven soil samples from the lakebed) was 
collected to verify the geophysical results from different locations in the lake using a soil 








4.2.1. Obstacles. During the data acquisition survey, there were a number of 
obstacles that did require adjusting data acquisition strategies.  First, weather conditions 
can greatly impact fieldwork.  Obviously, bad weather can stop an investigation entirely 
and cause delays.  Weather conditions also impact the sonar and electrical resistivity 
readings, presenting even more potential for weather conditions to hinder efficient data 
collection beyond the obvious factors that would cause a break in the investigation.  Rain 
or high winds can interfere with sonar and electrical resistivity readings by causing noise 
from the water surface (Department for Transport, Local Government and the Regions, 
2002).  Thus, mild weather is optimal not only for protecting the reliability of the data 
collection equipment, but also the reliability of the data itself.  Rescheduling did occur 
often, causing a larger window of time needed to complete the full investigation of the 
lake’s surface area.  Finally, keeping the survey lines straight on the water was difficult 
due to the winds.  Ideally, the survey lines should be as close as possible to each other to 
not cause double data readings and confusion in the interpretation processes. 
Additionally, there were parts of the lake where data acquisition was affected by 
submerged trees that hindered the vessel’s ability to cover the entire lake.  A number of 
submerged trees dotted areas around the lake’s outer borders and were most likely not 
cleared before the area was dammed and flooded (Figure 4.2)  In areas with visible tree 
branches, there were also stumps fully submerged and out of view, proving dangerous to 
towed vehicles and the safety of the vessel itself.  As such, these areas were generally 








Figure 4.2. Submerged tree stumps. 
 
 
Another problem with data acquisition was working amidst underwater vegetation 
with tow vehicles and submerged electrodes.  This was an issue in regards to covering the 
entire proximity of the lake, as dense areas of underwater vegetation tended to create 
problems with tow vehicles.  Underwater milfoil weeds and vegetation can decrease the 
equipment’s ability to collect data overall.  The milfoil weed has the potential to get 
caught by the tow vehicles and entangle itself around transducers.  Especially in dense 
areas, grasses attenuate sound waves and may affect electrical currents as well.   
4.2.2. Acoustic Methods. All three acoustic methods—the echo sounder, side 




ability to record and view the data in real time. All the equipment provides continuous 




Figure 4.3. A simple model demonstrating all geophysical surveys over water. 
 
 
Such methods require the use of a vessel to tow equipment either at the surface or 
below the water in order to produce data streams of continuous readings of the sub 
surface.  Data acquired from these techniques can then be compiled in order to generate a 
map of the sub surface of the lakebed.  The exact location of all acoustic data and 
tracking was assigned on the map by using a Global Positioning System (GPS).  
The vessel that used in this survey was the Frontier 2070 CC Jon Boat, built in 
2012 by Lower Boats (Figure 4.4).  It has an overall length of twenty feet and can carry 




of seven people on board.  This was useful as it provided for ample room for all 




Figure 4.4. The Frontier 2070 CC Jon Boat. 
 
 
4.2.2.1. Echo sounder. The echo sounder was primarily used as a method of 
navigation; in this survey, it was mostly used to navigate the boat, avoiding the trees and 
shallow water areas.  This is a useful piece of equipment for representing the underwater 
surface of the lakebed in a practical way while also helping make decisions regarding 
navigation. This was especially useful in regards to the use of electrical resistivity 




of water.  Echo sounder equipment contains skimmer echo sounder sensor with 83 and 
200 KHz (Figure 4.5 f), connected to Lowrance hds 10 GPS (Figure 4.5 a) and External 
GPS LGC-4000 – Baja antenna (Figure 4.5 c).  The frequency that was used throughout 




Figure 4.5. Acoustic equipment. (a) Lowrance HDS-10 Gen2 Fishfinder / Chartplotter, 
(b) StructureScan (downscan and sidescan) transducers, (c) External GPS LGC-4000 – 
Baja, (d) StructureScan accessories, (e) Lowrance EP-80R temperature sensor, (f) 
Skimmer echo sounder (Lowrance, Inc.). 
 
 
An 83 KHz echo sounder can penetrate the grass on the lakebed to determine 
accurately the depth of lakebed (Figure 4.6).  Thus, at this frequency, the echo sounder 




underwater grasses and vegetation, providing for more applicable decisions regarding 




Figure 4.6. Echo sounder data record, showing the lakebed and underwater grass. 
 
 
As discussed in earlier chapters, this method utilizes an echo sounder sensor that 
sends a high-frequency sound pulse, at 83 or 200 KHz, into water as the vessel travels at 
a constant speed across the surface of the lake.  These sound waves travel through the 
water at speed of about 4500 feet/sec. When these waves hit the lakebed, they are 
reflected back to the surface, where they are received by the skimmer.  Depth can then be 
measured by comparing the calculated travel time of each wave as the boat continues 
across the water’s surface, providing a real time image of the surface of the lakebed 
directly surrounding the vessel.  In this case, the equipment measures the depth of water 




4.2.2.2. Sub-bottom profiling. The equipment of sub-bottom profiler for the 
bathymetric technique that was used in this survey is called the BATHY-2010 system 
(Figure 4.7 and 4.8).  It comprises the following electronic components:  
● Bathy 2010 Data Acquisition System (Sonar/Sensor Unit). 
● Dual TR-109 3.5 KHz Transducers (Beamwidth angle is 30o) and one 10 KHz 
transducer (Beamwidth angle is 10
o
). 
●  Junction Box Transducer.  This piece of equipment was used to connect the 










Figure 4.8. Sub bottom profiler data acquisition equipment and software. 
 
 
The Sub-bottom profiler and bathymetric data acquisition software is called Bathy 
2010 PC Acquisition (Figure 4.9).  This software records the data in real time in several 
formats (CSV, ODC, and SEGY).  The CSV format can be used to get the water depth 
and generate a bathymetry map for study area.  SEGY (an acronym of the Society of 
Exploration Geophysicists Y format) seismic data format was used later with the Delph 





Figure 4.9. Bathy 2010 PC acquisition software. 
 
 
Before starting collecting sub-bottom profiling data, some parameters should be 
discussed.  Two modes of operation for the B2010 systems are available: the FM CHIRP 
mode and the CW mode.  
Frequency modulation (FM) encodes information from sonar waves as they are 
received back into the original transmitter.  The raw information coming from the 
original wave must be processed before it can be used in any sort of data analysis or 
synthesis.  Essentially, the FM process modulates the frequency of the incoming sonar 
waves so that it shows the greater complexities of the waveform itself, resulting in a more 
detailed picture of the bottom surface underwater (Smyth, 2013).  The carrier wave is 
compressed in order to improve its ability to represent data in a meaningful way to later 
synthesis (Radar Tutorial, 2013).  Once the original wave has been encoded, FM then 




Frequency modulation is a good choice for many applications of sub-bottom profiling 
except when using low frequency transducers in shallow water due to the limitations of 
pulse length.  FM modulation has a longer bandwidth than AM signals, allowing for more 
complicated details to come through in the transmission of the signal.  The signal has the 
limitation when using 3.5 KHz transducer at depth less than 20 meters. In this case, it is 
the best to use Continuous Wave mode.  
The Continuous Wave mode (CW) is again another method for regulating the 
sonar information as it is received by the equipment in order to best present the data in a 
useable format.  It is essentially a way to transmit an electromagnetic wave into a 
constant frequency so that it can be better recorded and used for later data synthesis 
(Etter, 1995).  The primary method here is to switch the carrier wave on and off, which 
then presents differing degrees of information during the periods where the carrier wave 
is switched on and switched off.  It allows for the signal to be transformed into a single-
frequency continuous wave (Etter, 1995).  Again, this helps modulate the incoming data 
into a stream that is better processed for later data analysis.  CW or Energy Detection 
mode can be used for shallow and mid-depth bathymetry applications (National 
Association for Amateur Radio, 2010).  It is also best in very shallow water sub-bottom 
profiling applications due to the limitations of pulse length for FM mode.  
Still, there are other considerations that augment the two processes just 
mentioned.  The depth of the water being explored ultimately requires differing modes of 
the sonar equipment to be utilized in order to increase the quality data acquisition.  As 
such, the other parameters should be mentioned.  In shallow water applications (< 40 




MANUAL mode may be used.  However, for many sub-bottom applications, MANUAL 
mode is preferred.  To provide the best penetration, transmit power should be set between 
-18dB to -6dB range to avoid saturating the data.  Moreover, to minimize the ringing of 
transducer in shallow water, the gain should be set as low as possible.  
There were a number of processes that were decided upon before embarking on 
the data collection process itself, based on the manufacturer’s recommendations.   For 
low frequency 3.5 KHz, during the context of this research survey, the CW mode was 
used to get the highest quality data.  As discussed previously, this helps transmit the 
carrier wave into a single-frequency continuous wave, which is better for collecting, 
storing, and analyzing data at various water depths.  Further, other parameters were set 
for optimal data collection.  The RANGE SCALE bar was checked to ensure that it was 
in the AMPLITUDE display during the process of the data collection.  The Power Level 
(Configure Acquisition Parameters) was then set to -12dB, the ChX Gain control was set 
to 9dB, and the BT Gain was set to 0.0dM/m.  The manual mode was selected based on 
the manufacturer’s recommendations for water depth of the field site and the pulse length 
selected to be 2msec. 
For the high frequency transducer 10 KHz, the parameters that were used in the 
survey were as follows:  Both FW and CW modes were used to maximize the data 
collection efficiency. In addition, the BT Gain was set to be 0.0 dB/m, similarly to the 
lower frequency transducer.  The Power Level (Configure Acquisition Parameters) was 
set to -9dB and -12dB.  Again, the manual mode was selected with a pulse length of 
2msec. The dual low- and high-frequency transducers generate sound pulses into water, 




some of these waves are reflected, and the other penetrated into sediments, depending on 
the reflection coefficient of the earth material.   
For the sub-bottom profiling survey, a grid of survey lines was collected to 
generate the bathymetry map of the Little Prairie Lake (Figure 4.10). In this Figure, 
survey lines of sub bottom profiling covered the area of Little Prairie Lake where the boat 
could move easily.  The grid allowed for maximum coverage of the surface area of the 








4.2.2.3. Side scan sonar and down scan sonar. The side scan sonar sends sonar 
beams both to the side of and perpendicular to the tow vehicle.  In addition, down scan 
sonar sends sonar beams downwards to collect water depth.  The equipment that was 
utilized for the side scan sonar and down scan sonar is called StructureScan with two 
different frequencies, 455 and 800 KHz, with total coverage range for both sides of 160 
feet (Figure 4.5 d).  StructureScan is connected to Lowrance hds10 and recorded side and 




Figure 4.11. StructureScan HD data. (a) downscan sonar data, (b) side scan sonar 
imaging (Lowrance, Inc.). 
 
 
In side scan sonar survey, two dataset were gathered to cover the whole area of 
the lake, except the areas that had trees or shallow water, which were difficult to access 




any inconsistencies or potential gaps within the data on the first go-round. The total range 




Figure 4.12. Side and down scan sonar data acquisition survey lines. 
 
 
These data sets were recorded in Extended Triton (XTF), which was then easily 
used with the Delph processing software for advanced processing and interpretation 
(Figure 4.13).  As seen in Figure 4.13, this method allowed for a maximum surface area 
of the lake bottom to be covered, minus the shallow and tree-dense areas that made boat 
navigation dangerous.  Clearly, the side scan sonar method was very useful in covering a 




800 KHz.  800 KHz was good choice and gave details of the lakebed more accurately. 




Figure 4.13. A mosaic of side scan sonar data covers most the study area. 
 
 
4.2.3. Marine Electrical Resistivity Methods. Underwater electrical resistivity 
and towed cable were used in this survey.  
4.2.3.1. Underwater electrical resistivity tomography. In addition to the two 
electrical resistivity tomography profiles that were collected on land, there were three 
underwater electrical resistivity tomography profiles (ERT 3, ERT 4, and ERT 5) that 






Figure 4.14. The location of the two electrical resistivity tomography profiles on land. 
 
 
Underwater marine electrical resistivity tomography data acquisition is similar to 
electrical resistivity tomography data acquisition on land.  These profiles followed similar 
methods to the electrical resistivity performed above water on dry land, but were placed 
at the bottom of the lake bed, allowing greater access into the interior regions of the lake 
at deeper depths.  In this method, the SuperSting unit and few electrodes were placed on 
dry land, just as in the previous method.  However, the rest electrodes extended deeper 




Figure 4.15. The setup of underwater electrical resistivity tomography (Advanced 




Once the electrodes were placed on the bottom of lake and the equipment was set 
up, the water depth was recorded along the electrical resistivity tomography cable by 
using Lowrance GPS equipment with 83 KHz echo sounder sensor (lower frequency) to 
be used later during the processing. 
The underwater electrical resistivity tomography ERT 3 profile was located close 
to the dam, very close to ERT 2.  The total length of the ERT 3 cable was 560 feet with 
56 electrodes, and 10 feet spacing between electrodes.  This profile has a different 
composition of electrodes on land versus in the water:  Only 9 electrodes were placed on 
land over a span of 80 feet, while 47 electrodes, covering a span of 480 feet, were placed 





Figure 4.16. The underwater marine resistivity setup. (a) Place the cable underwater, (b) 
Place the part of the cable on land. 
 
 
Additional profiles were set up at different locations, using different combinations 




further away from the location of the dam and the ERT3 profile sites.  This extended the 
reach of the electrical resistivity testing and gathered more data from further in the 
interior of the lake. 11 electrodes were placed on land, spanning 100 feet, and 45 
electrodes were placed into water, covering a total length of 460 feet.  Finally, 
underwater electrical resistivity tomography ERT 5 profile was arranged even further 
northwest.  This final profile used 9 electrodes placed on land over a span of 80 feet, and 
47 electrodes over 480 feet that were placed in the water. 
4.2.3.2. Continuous resistivity profiling (towed cable). This survey used not 
only ground electrical resistivity methods, but also mobile resistivity methods, as well as 
towed marine resistivity equipment.  The basic acquisition method was still the same, but 
the method for installation was quite different, as for the latter, the electrodes were 
guided through the water by the use of a water-borne vessel.  Essentially, instead of being 
placed on the ground, the electrodes float on the water’s surface in a specific order and 
are towed behind the vessel (Arch, 1942).  When measuring electrical resistivity by the 
towed cable method, mainly eleven electrodes, featuring an eight channel streaming 
dipole-dipole array, were used in each measurement. The cable extended outwards from 
the back end of the vessel and was dragged across the surface area of the lake.  Again, 
choosing the right speed for the vessel was important for the maximum efficiency of the 
data acquisition process.  In our survey, the speed of the boat was less than three knots. 
The equipment was relatively portable, and thus could fit on the size vessel used 
in this study. The central control unit was a piece of equipment about the size of a car 
battery, with the floating electrodes being held at the top of the water by buoys.  Figures 




as they float on top of the surface of the water, again making the process easy enough to 
do within the context of this current research survey.  In this survey, different spacing of 
the electrodes were used for the continuous profiling resistivity (CPR) method:  10, 20, 
30, and 50 feet in two different weather sessions, summer and winter.  
In this method, an AGI SuperSting R8 Marine resistivity meter was used as the 
on-board measurement and control system for the resistivity profiling, similar to the 
process used in the electrical resistivity tomography methods conducted on land.  With 
this system, the electrode pair of the source was located close to back of the boat and 
injected the current approximately every 3 seconds into the water/sediment.  Beyond this 
initial pair, eight apparent resistivity values, representing eight depth levels, were 




Figure 4.17. Illustration of continuous profiling resistivity (CPR) towed cable survey.  
(modified after United States Environmental Protection Agency, 2014). 
 
 
Overall, the SuperSting can store more than 79,000 measurements in digital 




cable used a waterproof Kevlar-strengthened electrode cable with a total of 56 Graphite 
electrodes.  Fortunately, all electrical resistivity methods used the same equipment, the 
SuperSting R8/IP.  
In the case of the 10 feet electrode spacing, the expected depth into 
water/sediment was approximately 25 feet (Figure 4.17).   
A Lowrance hds 10, LGC-4000 - Baja GPS external antenna, and 83-kilohertz 
fathometer transducer were also attached to the electrical resistivity system in order to 




Figure 4.18. The equipment and data acquisition of CPR. (a) Data acquisition of CPR, 
and (b) AGI SuperSting Marine (c) Graphite electrodes on towed cable. 
 
 
As shown in Figures 4.19 and 4.20, continuous resistivity profiling for 10 feet 
electrode spacing was acquired in two ways. The first way was as three lines (zigzag) 
directed from approximately northeast to southwest of the lake with total length 





Figure 4.19. First survey lines (zigzag) location for 10 feet spacing of towed cable. 
 
 
For Profile 10, another survey line of 10 feet electrode spacing was acquired 









This line was directed from northwest to southeast, and the profile’s total length 
was approximately 950 feet.  In this case, a much straighter line was drawn across the 
deepest portions of the lake.  
The electrode spacing was increased to 20 feet to get more depth—approximately 
50 feet.  The distance between the electrical current pairs was 20 feet and the spacing 
between the resulting potential differences was 20 feet (Figure 4.21). In this survey, two 




Figure 4.21. Illustration of continuous profiling resistivity (CPR) towed cable survey for 
20 feet spacing.  (modified after United States Environmental Protection Agency, 2014). 
 
 
The first dataset from the 20-feet electrode spacing includes these data acquisition 
parameters; the length of the cable dropped on the water surface was 200 feet. The total 
survey length was 4084 feet, and these lines covered the lake from southwest to northeast 






Figure 4.22. First dataset of 20 spacing data acquisition survey profiles 11, 12, and 13. 
 
 
The other data acquisition profile 14 of 20 feet spacing was directed from 
northeast to southwest and across the old stream channel (Figure 4.23). The total length 




Figure 4.23. Another survey lines profile 14 location for 20 feet spacing of towed cable 




The other survey datasets used in this survey were from 30 feet spacing between 
electrodes, resulting in a total cable length of 300 feet to obtain approximately 75 feet 




Figure 4.24. Illustration of continuous profiling resistivity (CPR) towed cable survey for 
30 feet spacing (modified after United States Environmental Protection Agency, 2014). 
 
 
In this process, continuous resistivity profiling profile 15 was collected directed 








The other data acquisition for 30 feet spacing, profile 16, took the direction form 





Figure 4.26. Profile 16 location for 30 feet spacing of towed cable crossing the lake. 
 
 
In an additional pass, the spacing length was once again increased, this time to a 
total of 50 feet between electrodes with total cable length of 500 feet, to get maximum 




Figure 4.27. Illustration of continuous profiling resistivity (CPR) towed cable survey for 




For 50 feet, the length of data acquisition profile 17 was approximately 860 feet 




Figure 4.28. Profile 17 location for 50 feet spacing of towed cable crossing the lake. 
 
 
4.3. LAND GEOPHYSICAL DATA ACQUISITION  
4.3.1. Electrical Resistivity Tomography. Two electrical resistivity tomography 




acquired on land using 84 electrodes with 5 feet spacing (415 feet total length) and is 
located east of ERT 2 and down the slope of the dam. 
Another electrical resistivity tomography profile, ERT 2, was placed over and 
parallel to the dam at a length of 710 feet, with 72 electrodes at a spacing of 10 feet 




Figure 4.29. The location of two on-land electrical resistivity tomography profiles. 
 
 
In this survey, SuperSting R8/IP with 72/84 electrodes were used to record 
electrical resistivity data automatically.  After each set of electrodes was set up, the 
recorder was programmed with the data recording parameters.  The electrodes within the 




m.  The electrode arrays that were used to measure resistivity were set in a dipole-dipole 




Figure 4.30. The setup of electrical resistivity tomography method. 
 
 
4.3.2. Multi-Channel analysis of Surface Wave. In this research, the multi-
channel analysis of surface wave method was utilized on land to determine the top of 




connection unit (Seistronix), source (hammer 10 lb.), Receiver (24 Geophone Low-




Figure 4.31. Multi-channel analysis of surface wave equipment components. 
 
 
Four MASW profiles (MASW1, MASW 2, MASW 3, and MASW 4) were 






The data parameters of MASW that used in this survey (Figure 4.32 & 4.33) were 
as following:  
MASW1-  
Geophones spacing 2.5 ft. with 10 and 30 ft. offsets 
MASW2- 
Geophones spacing 2.5 and 5 ft. with 10 and 30 ft. offsets 
Geophones spacing 5 ft. with 10 and 30 ft. offsets  
MASW3-  
Geophones spacing 2.5 ft. with 20 and 30 ft. offsets 
Geophones spacing 5 ft. with 10, 20, and 30 ft. offsets 
MASW4- 
Geophones spacing 2.5 ft. with 10 and 30 ft. offsets 







































5. GEOPHYSICAL DATA PROCESSING 
 
5.1. INTRODUCTION  
 This chapter describes the steps of geophysical data processing, along with all 
parameters that were used while conducting a processing analysis of the field data.  This 
includes acoustic methods, such as side scan sonar, down scan sonar, and sub-bottom 
profiling.  In the discussion of these methods, all filters applied to the raw data will be 
described in order to show the relevance and results of these filters towards building a 
conclusion on the nature of the field site.  Additionally, the electrical resistivity methods, 
both land and marine, are discussed in this chapter regarding methods for processing the 
raw field data. 
 
5.2. ACOUSTIC DATA PROCESSING  
5.2.1. Introduction. The DELPH 3.0 software coupled with RoadMap software 
were utilized in data processing to offer a wide range of acoustic interpretation options 
for sonar and seismic data.  The software is simple, easy to use, capable of interpreting 
complex data, and has batch reporting capabilities that help ensure the reliability of data 
acquisition in the field (Ixblue, 2014).  DELPH 3.0 stores and analyzes raw data to 
generate maps and statistics for a wide range of contexts.  The latest version used in this 
research solved a number of bugs reported in previous versions and provided the most 
innovative approach for seabed mapping techniques in contemporary field studies to date.  
A new workflow developed with the latest version, which enhanced its ability to handle a 




(geosections, reflector, annotations, and measurement) can be exported to any 
cartographic GIS software to arrive at a full interpretation of the survey area (Ixblue, 
2014). 
5.2.2. Side Scan Sonar Data Processing. A side scan sonar was utilized in this 
research to enhance the quality of sonar images, to apply the necessary corrections for the 
characterization of the mapped seabed, and to detect accurately echoes that signify the 
presence of different targets.  Ultimately, sonar data processing helps generate a more 
accurate picture of the seabed compared to raw data displayed by a viewfinder, since the 
processing leads to the conversion and interpretation of data to greater depth. 
The steps followed by DELPH 3.0 software in generating seabed maps include (i) 
data organization in folders to allow for easy access and manipulation, and (ii) file 
synchronization of software, such as Contact Manager and Delph RoadMap, using the 
Delph Database Selector.  Side scan sonar recodes geophysical data in an XTF format.  
This format allows for three channels of data to be recorded and analyzed: side scan 
sonar, down scan sonar, and starboard readings.  The three data channels must be filtered 








Thus, it is required to untangle the raw data files into separate side and down scan 
sonar records.  This is achieved by dropping the raw data file into the Sonar Frequency 
Extractor tool, where it generates separate side scan (_SSS) and down scan (_SBP) XTF 
files.  
Two additional steps in generating seabed maps include (iii) the opening of XTF 
files using RoadMap software, which helps manage and process raw data and creates a 
final visual map of the seabed, as well as exporting mosaic and annotations to Google 
Earth, and (iv) geodesy adjusted appropriately via Roadmap software to manage 
accurately the data input.  The coordinate system used in this study was WGS 1984, and 
the output/map projection was Mercator-world.  Figure 5.2 shows SSS data displayed in 
DELPH 3.0 sonar processing and interpretation software, which activates when the 








Enhancing the raw data is critical for generating more realistic assumptions about 
the underwater environment and any karst terrains that are detected through echo zones. 
Several processing steps should be done to enhance the image of side scan sonar data.  
These steps include bottom tracking, gain control, and slant correction.  If need be, other 
steps could be applied to such as area exclusion, mosaicking, polygon contouring, echo 
extraction, and segmentation to interpret objects on side scan sonar record.  Figure 5.3 




Figure 5.3. Processing steps chart for side scan sonar (Ixblue, 2014). 
 
 
The bottom tracking function is designed to use the minimum and maximum 
altitude range of input to track automatically the lakebed and the entire water column.  
This step might require manual editing, especially for noisy seabed data.  Figure 5.4 






Figure 5.4. Shows side scan sonar data before and after applying bottom tracking option. 
 
 
The gain function is intended to boost the amplitude of the later-arriving weaker 
signals (Ixblue, 2014).  Different types of gain functions could be applied to a sonar 
signal.  The Time Varying Gain is an example for applying a fixed gain to sonar data, as 









The first signal is multiplied by the minimum gain factor, and the last signal is 
multiplied by the maximum gain factor to fill the traces of the middle using a linear 
function of the minimum and maximum gain factors.  This type of gain is recommended 
for sonar data because it retains the reflective properties of the material at the seabed, 
especially when seabed characterization is desired.  The other types of gain are the BAC 
(Beam Angle Correction) and the AGC (Automatic Gain Control), which proved useful, 
depending on the sonar reading. 
Once the bottom is tracked, the signal can be projected on it, so that the original 
slant ranges are turned into ground ranges, taking into account the sound propagation into 
the sea.  If the bottom track option is active, the slant range correction uses the detected 
bottom to adjust for any instances where the device may have tilted causing skewness of 








The tool of exclusion area is used in data processing to remove bad data from 
mosaicking. It is applied to exclude areas that would negatively affect quality of final 
image.  Figure 5.7 shows a red box area on side scan sonar data that will be removed 




Figure 5.7. Side scan sonar data deleting undesired areas. 
 
 













Figure 5.9. A mosaic of side scan sonar of Little Prairie Lake exported to Google Earth. 
 
 
The SSS was manually classified and digitized into object types, such as milfoil 
weeds, trees, boulders, old channels, and lakebed soil types using polygon contouring 




Figure 5.10. Using polygon contouring tools to determine different objects on side scan 





The side scan image is based on an 8 bit (0 -255) grey scale that represents the 
strength of returning signal to determine the type and texture of bottom sediments, 
according to the key below: 





Weak signal returns, represented by the light gray color of the key, indicate 
smooth seabed sediments, coarse material, and subtle microtopography, while cobbles 
and gravels reflect greater amounts of strong incoming signal, and appears in a dark gray 
to black color in the right side of the scale.  
Larger objects often create a sonar shadow, which could be calculated and used to 
determine the geometry of objects (CR Environmental, Inc., 2008). 
5.2.3. Down Scan Sonar and Sub-Bottom Profiling Data Processing.  The goal 
of data seismic processing using down scan and sub-bottom methods is to improve the 
reflection events and apply necessary corrections and enhancement to the presentation of 
results, utilizing a wide range of correction options available in DELPH 3.0 software. For 
low-level processing, filters and gain control functions are applied (Figure 5.11), since 
they are fundamentally designed to increase the signal to noise ratio, where some or all of 





Figure 5.11. Processing flowchart (Ixblue, 2014). 
 
 
This step is applied prior to the application of other (High Level) processing steps, 
since, in most cases, seismic noise is associated with the high frequency domain; thus 








Gain functions increase the ability to read raw data and boost the amplitude for 




Figure 5.13. Down scan data before and after applying Time Varying Gain option. 
 
 
The Time Varying Gain applies a fixed gain to the signal by multiplying the 1
st
 
signal by the minimum gain factor and the last signal by the maximum gain factor, filling   









The Automatic Gain Control (AGC) is an adaptive gain function that computes 
the time varying gain curve from each signal; accordingly, changes occur on individual 




Figure 5.15. Down scan data before and after applying Automatic Gain Control function. 
 
 
The next step of seismic data processing is the automatic removal of the water 
column by picking lakebed (Figure 5.16).  However, when seismic data is noisy, the 













Figure 5.17. Water column removed. 
 
 
To provide a clear output image, the deconvolution function can be applied to 
remove background noise and increase signal-to-noise ratio (Figure 5.18). This option 








Multiple reflections are a common phenomena in shallow water surveys and 








Predictive deconvolution involves the techniques used to remove multiples that 
could be seen at approximately twice the depth of the bottom.  In this situation, it worth 
noting that there is not much difference between the two images due to the rapid 








The final steps of corrections applied to a seismic data include, (i) stacking, which 
is a technique that uses the moving average of successive emissions to increase the S/N 
ratio; on the other hand, it may decrease resolution;  (ii) swell filtering, by which a 
tracked lakebed is filtered and shifted for any residual swell and trace; (iii) heave 
compensation function, which uses the vertical motion measured by the heave sensor to 
align the trace with the same reference altitude value;  and (iv) topo corrections that align 




Figure 5.21. Down scan data after applying stacking, swell filter, heave compensation 
and topo corrections. 
 
 
Additionally, an exclusion area is also selected, since the bottom reflector in this 
area is not visible.  It is critical for interpretive purposes to remove unnecessary data by 









Figure 5.22. A geosection of down scan data. 
 
 
A colored contour map is generated from a filtered lakebed (Figure 5.23) by 
digitization across multiple profiles of reflector interface and interpolating the 3D surface 




Figure 5.23. 3D colored contour map of down scan data showing the shallowest and 




Differences in depth of lakebed can be derived from the 3D colored contour map 




Figure 5.24. 3D colored contour map and geosection of down scan data. 
 
 
Colored contour map can be exported and viewed in Google earth as a (.kmz) file 








Processing of low frequency (3.5 KHz) transducer sub-bottom profiling data is 




Figure 5.26. A section of sub-bottom profiling data acquired with a 3.5 KHz frequency 
transducer after applying the low level processing. 
 
 
Figure 5.27 shows sub-bottom profiling data after the lakebed has been picked 









Figure 5.28 and Figure 5.29 show the final result of sub bottom profiling after 














The final processing results of down scan and sub bottom profiling were used in 
generating and producing a 3D bathymetry map of the Little Prairie Lake using Surfer12 











Figure 5.31. 3D bathymetry map of the lake obtained from sub bottom profiling data. 
 
 
5.3. ELECTRICAL RESISTIVITY TOMOGRAPHY DATA PROCESSING  
Electrical resistivity processing of underwater data differs slightly from towed 
cable data processing,  in that towed cable, unlike underwater, uses Marine Logs 
Manager software to manipulate data, including the GPS records and resistivity values.  
The software allows for editing recorded data, plotting the boat track and resistivity on an 
imported map image, and formatting data for inversion software (AGI, 2013).  Moreover, 
the position of electrodes of towed cable can be converted into an UTM coordinate 
system. 
The electrical resistivity instrument records the data in Sting format (.stg), which 




of bad data. Cleaned data is then plotted into 2D pseudo-sections to create a 2D inversion 
mathematical representation of the subsurface (model) using RES2DINV software.  
The processing of data from the towed cable requires a number of steps for 
profiling resistivity readings, including (i) the pre-preparation of a georeferenced site 




Figure 5.32. Map preparation. 
 
 
Other steps include (ii) the synchronization and uploading of electrical resistivity 
tomography (Supersting) and GPS data prior to final data processing, (iii) checking and 
correcting inconsistency errors and mismatches between GPS readings and ERT data 





Figure 5.33. Upload the digitized map, electrical resistivity tomography (Supersting) 
data, and GPS data. 
 
 
Step (iv) is dividing the ERT profile into linear sections for ease of processing and 








Step (v) is manually inspecting the short ERT section depth and coordinating files 
for errors and spikes, which is necessary before proceeding.  Upon approval, files are 
made available for use with RES2DINV software, (vi) converting the generated 
supersting (SS) files into data files compatible with RES2DINV software, and (viii), it 
must be checked for any bad datapoints in order to prevent miscalculations that would 
negatively impact the visual output.  Then, it is necessary to calibrate a color contour 
scale that is most appropriate for the site (Figure 5.35), and (viii) inversion parameters are 
created using 7 alterations, 4 nodes between adjacent electrodes, and the finite inversion 




Figure 5.35. An example of a field data set with a several outlying data points. The most 
obvious outlying datum points are located below the 300 meters and 470 meters marks. 





6. RESULTS AND DISCUSSION 
 
 
6.1. INTRODUCTION  
This chapter describes and discusses the interpretation of the side and down scan 
sonar, sub bottom profiling, electrical resistivity tomography (underwater cables), and 
continuous resistivity profiling (towed cable) data acquired in this research.  Multi-
channel analysis of surface wave data (MASW) were acquired on land and utilized as a 
tool to support electrical resistivity tomography (ERT) interpretations. The research 
focuses on employing different tools in an integrated approach to (a) map water depth, 
(b) characterize the potential hazard of underwater submerged objects, (c) map benthic 
habitats, (d) identify sediments and bedrock, and (e) investigate karst morphology.  
Different software associated with each individual technology were used in data 
acquisition and the generation of 2D and 3D maps, and by integrating the interpretations 
of data from geophysical tools and ground truth (surface samples), detailed maps of 
bottom sediment and substrate were produced. 
 
6.2. WATER DEPTH 
Down scan sonar was used to obtain water depth, and sub-bottom profiling was 
used to measure water depth and to identify the lithology beneath water bodies. Both 
tools indicate maximum water depths of ~34 feet, as illustrated in figures 6.1 and 6.2. 
Determining the water depth was necessary in order to map old stream channels. The 
results reveal two old stream channels, in the western and northwestern sections of the 




The down scan sonar used a high frequency sensor (800 KHz), enabling this 
instrument to cover wide shallow areas.  But it has a limited ability to penetrate thick 
vegetation. The high frequency signal of the instrument rapidly attenuates, and this makes 








Sub bottom profiling, on the other hand, uses lower frequency transducers (3.5 
and 10 KHz) that generate low frequency signals; these lower frequency signals are 
capable of penetrating thick vegetation to determine lakebeds accurately. In this study, 
transducers of sub bottom profiling were submerged 2 feet into water for field data 
collection and that required avoiding locations where were not inaccessible by boat, 
avoiding risks of running on trees and avoiding shallow and highly vegetated areas. 
Interpretation of sub bottom profiling data shows that a paleo shallow stream channel is 
located close to the northern shoreline, and this result could be used to update the existing 








 The down scan sonar is an instrument capable of providing high resolution 
images of varied sizes of objects, including standing submerged trees, brush piles, and the 








Sub-bottom profiling, used to map changes in lithology underneath the lakebed, 
failed to return results of sediments’ reflective properties.  The data obtained included 
two multiple reflections (equals the depth of water), (Figure 6.4). These multiples might 
have resulted from differences in reflection coefficients caused by the variation between 
soil and rock.  Other reasons that might be considered in causing multiples include 









6.3. TOPOGRAPHY  
The topographic map of the lakebed determined from the colored contour map 
was obtained by filtered down scan sonar data.  The map shows variations of lakebed 
topography and the direction of two old stream channels.  It also shows the shallowest 
part of the lakebed (orange color) and the deepest parts of the lakebed (pink color), as 
displayed by figure 6.5.  Since the establishment of the lake in 1965, there have been no 
previous records related to the topography of lakebed to be utilized for comparison. This 









 The mosaic of side scan sonar image revealed two old stream channels oriented 




Figure 6.6. A mosaic of side scan sonar image showing the old stream channels. 
 
 
 Thick vegetation at the proximity of the northern shoreline formed an obstacle to 
determining the paleo small shallow stream channel of that particular area.  
Figures 6.7 (a) and (b) are examples of the results obtained by side and down scan sonar 






Figure 6.7. Example of side and down scan sonar image. Showing the side scan sonar (A) 




The depth of water could be determined by the width and the distance from boat 
path (centerline) to first arrival of beams on right or left side, which is represented by 
black zone directly beneath the boat.  No objects are detected at the black zone.  That 
could be adjusted by collecting more data in this area.  Moreover, the interpretation of the 
side scan sonar data image of the lakebed shows that deep water is represented by a wide 
width of the black zone underneath the boat, and shallow water is represented by a 
narrow width.  The total coverage of the sonar beam could be increased or decreased, 
depending on the depth of water. 
 
6.4. TREE HAZARD MAPPING 
Standing submerged trees and brush piles of Little Prairie Lake were mapped 








The result of mapping standing submerged trees and brush piles is shown in 
Figure 6.9. The yellow symbols represent the location of captured trees. The distribution 
pattern indicates that these trees primarily occupy old stream channels.  As a result, side 
scan sonar is an applicable method for mapping hazardous objects on the lakebed.  
Submerged trees were not removed before the dam construction, and this may have been 
done so as to enhance ecosystem life.  However, it is still important to determine the 
location of hazardous objects such as trees for safety purposes in order to prevent fatal 
accidents. To enhance diversity and the ecosystem environment, artificial structures, such 
as brush piles, were placed by MCD on the lakebed.  These brush piles enhance the 
population growth of fish, since they provide habitats for small fish, protecting them 
against larger fish and fishermen.  Because a variety of fish species, such as largemouth 
and bluegill were able to adopt such artificial habitats, they also act as indicators of fish 








6.5. BENTHIC HABITAT MAP 
The habitat map was produced from side scan sonar data by analyzing the 
differences in texture. The map in figure 6.10, illustrates the variation between grass, soil, 
boulders, and stream boundaries. 
Milfoil weed, represented by the dark-green color on the map, is shown to 
encircle the lake.  This result is similar to the milfoil map obtained from MCD, which 
shows that milfoil weed is concentrated primarily close to shorelines. Milfoil weed has 
numerous advantages, including, (i) stabilizing sediment, (ii) reducing the erosion of the 
lakebed, and (iii) protecting fish and wildlife habitats (Long Lake Protection and 
Rehabilitation District, 2012). 
Soil deposits are indicated by the green-sea color. The stream boundaries were 
determined by the dark blue colors on the image.  Interpreted boulders are represented by 








Few inches of sediment samples were collected from the lakebed surface and their 
locations are presented in Figure 6.11 and Table 6.1. The samples could be consisting of 





Figure 6.11. Soil sample locations. 
 
 





6.6. RESULTS OF SEDIMENTS AND BEDROCK 
The interpretation of electrical resistivity tomography profiling and continuous 
resistivity profiling data were used to determine the electrical resistivity values of soil 
and rock.  Data showed soil with high conductivity, which could indicate silty/clay and/or 
clayey soil, having a low electrical resistivity value of < ~ 30 ohm-meter, followed by 
soil with low conductivity, which could indicate silty/loam and/or loamy soil, with an 
electrical resistivity value between ~ 30 – 105 ohm-meter.  The data also showed 
weathered rock with an electrical resistivity between 105 – 400 ohm-meter, and intact 
rock with electrical resistivity value > 400 ohm-meter, as well as the presence of NW-SE 
and SW-NE jointing.  
The interpretation of multi-channel analysis of surface wave data shows soil, 
weathered rock, and intact rock with shear wave velocity values of between ~ 600 – 
1500, 1500 – 2200 and > 2200 feet/sec respectively. 
The interpretation of electrical resistivity tomography profiling, continuous 
resistivity profiling, and multi-channel analysis of surface wave data show that the depth 
of rock of the lake and on land generally varies between ~ 7 and 48 feet, increasing 
towards the eastern direction of the lake. 
The on-land ERT 1 Profile result (Figure 6. 12) was obtained on the eastern 
downslope of the dam of the 2D geoelectrical section (Figure 6.13).  It reveals dry soil on 
the surface in northern and southern sections, and scattered dry soil at varying locations 
on the profile, having electrical resistivity values varied between ~ 60 and 400 ohm-
meter.  Solution-widened joints were encountered at many locations across the profile, 




locations at depths between ~ 18 and 30 feet, with higher concentrations in the central 
section of the profile, showing lower electrical resistivity values, approximately 30 ohm-












The on-land ERT 2 Profile result (Figure 6.14) was obtained over the dam of the 
2D geoelectrical section (Figure 6.15), displays intact rock at a constant average depth of 
~45 feet, with a high electrical resistivity value > 400 ohm-meter.  The upper layer 
consists of dry soil of thickness ~9 feet, underlain by compacted clay ~35 feet thick, 
having a low electrical resistivity value of less than 30 ohm-meter, followed by a thin 
layer of weathered rock of medium electrical resistivity value ranging between ~ 60 and 












Results of MSAW1 (Figure 6.16 & Figure 6.17), acquiried on-land, were 
processed for obtaining one-D shear wave velocity model. The data interpretation shows 
dry soil on the upper layer, underlain by compacted clay layer, weathered rock, and intact 













The interpretation of ERT 2 and MASW 1 data were confirmed by the data 
obtained from MCD, which stated that the dam height is ~48 feet, and that the dam base 
is of intact rock.  
The 2D geoelectrical section of ERT 3 profile (Figure 6.18 and 6.19) shows that 
the upper layer is composed predominantly of highly conductive soil with a low electrical 
resistivity value < ~30.0 ohm-meter,  mixed in the central section of the profile with soil 
having lower conductivity, having an electrical resistivity value of ~30.0 – 60 ohm-meter.  
Weathered rock is encountered at ~ 10 feet in the southwestern section of the profile, 
with an electrical resistivity of ~ 60 to 400 ohm-meter.  The central section also shows 
deep solution-widened joints at approximately NW-SE direction, and weathered rock that 
has low resistivity.  Intact rock with a high electrical resistivity value (> 400 ohm-meter) 









Figure 6.19. 2D Geoelectrical section of underwater ERT profile 3. 
 
 
 The one-D shear wave velocity model was extracted and inverted from the 
dispersion curve (Figure 6.20).  The model (Figure 6.21) shows that the upper layer is 
soil at ~ 7 feet deep, it is underlain by weathered rock of ~ 24 feet thickness and an intact 









Figure 6.21. 1D shear velocity model of MASW2. 
 
 
The 2D ERT 4 profile (Figure 6.22) and the geoelectrical section of ERT 4 
(Figure 6.23) shows weathered rock sandwiched between intact rock in the NE and a 
relatively thin layer in the SW section.  The weathered rock varies in depth between ~17 
– 40 feet, with electrical resistivity of 105 to 400 ohm-meter, whereas the depth of the 
intact rock varies between ~25 to 140 feet, with electrical resistivity >400 ohm-meter.  
The upper layer of the profile indicates soil with low conductivity, having an electrical 
resistivity value between ~30 to 105 ohm-meter underlain by soil with higher 
conductivity, with a low electrical resistivity value (< ~30.0 ohm-meter), while showing 
dry soil on the section that extends on land.  The depth of the clay acquired from well log 
data # 24763 (Figure 2.11) ~ 1500 feet from the profile starting point amounted to ~35 
feet depth.  A low electrical resistivity value (~30 to 105 ohm-meter) was captured in the 













The results of MSAW3 collected on land (NE-section) were processed (Figure 
6.24) to obtain a one-D shear wave velocity model (Figure 6.25).  The model shows dry 












The 2D geoelectrical ERT 5 profile (Figure 6.26 & 6.27) illustrates major intact 
rock dominance that has been weathered at the NE section of the profile by SW/NE 
solution-widened joints.  The weathered rock (Figure 6.26) lies at a depth of ~14 feet at 
the NE section, and has electrical resistivity of ~105 to 400 ohm-meter.  The depth of 
intact rock varies between ~35 and >160 feet, with a high electrical resistivity value >400 
ohm-meter.  Soil with low conductivity having an electrical resistivity value of ~30 to 
105 ohm-meter is intermingled with soil with high conductivity, reported at the SW 
section of the profile with NW-SE solution-widened joint occupied by an old stream 









Figure 6.27. 2D geoelectrical section of underwater ERT profile 5. 
 
 
 The results of MSAW4 collected on land (NE-section) were processed (Figure 
6.28) to obtain a one-D shear wave velocity model (Figure 6.29).  The model shows a soil 










Figure 6.29. 1D shear velocity model of MASW4. 
 
 
The results of continuous resistivity profiling (CRP) conducted at 10 feet 
electrodes spacing was subset into five straight sections for processing purposes (Figure 
6.30, 6.32, 6.34, 6.36 and 6.38).  Profile 6 of 2D geoelectrical CRP-10 feet spacing 
(Figure 6.30) was acquired in the vicinity of the shoreline.  The results (Figure 6.31) 
shows dominance of soil with low conductivity (~30 – 105 ohm-meter) throughout the 
profile, underlain at the central section by highly conductive soil with a low electrical 
resistivity value (< ~30.0 ohm-meter), followed by NW-SE jointed weathered rock and 
intact rock at shallow depths of ~20 feet.  The electrical resistivity of the weathered rock 













Profile 7 of 2D geoelectrical CRP-10 feet spacing (Figure 6.32) was acquired in 
the deep water of lake.  The results (Figure 6.33) show soil with low conductivity 
dominates the entire profile (~30 – 105 ohm-meter), and transects with the two old 
stream channels occupying the lake towards the end and the beginning of the profile 












Profile 8 of 2D geoelectrical CRP-10 feet spacing (Figure 6.34) was acquired in 
the deep water of lake.  The results (Figure 6.35) show soil with low conductivity 
underlain by soil with higher conductivity at the northern shoreline.  The electrical 
resistivity obtained for soil with low conductivity ranged between ~30 to 105 ohm-meter, 
whereas the more highly conductive soil’s electrical resistivity was < ~30 ohm-meter.  
The southern part of the profile consists of the soil with low conductivity and is enclosed 












Profile 9 of 2D geoelectrical CRP-10 feet spacing was acquired ~100 feet from 
the dam (Figure 6.36).  Soil with low conductivity dominated the entire profile, with 
electrical resistivity ranging between ~30 and 105 ohm-meter.  The two old streams 












Profile 10 of 2D geoelectrical CRP (Figure 6.38) was acquired over the old stream 
channel. The results included low conductive soil with resistivity between ~30 and 105 












Results of continuous resistivity profiling (CRP) conducted at 20 feet electrode 
spacing was subset into four straight sections for processing purposes (Figure 6.40, 6.42, 
6.44 and 6.46).  Profile 11 of 2D geoelectrical CRP (Figure 6.41) consisted of soil with 
low conductivity, having an electrical resistivity value between ~30 and 105 ohm-meter 
at the start point of the profile, whereas at the end of the profile, soil with low 
conductivity was underlain by soil with higher conductivity.  Weathered rock was 
detected at depth of ~30 feet at the central section of the profile, having electrical 
resistivity value between ~105 and 400 ohm-meter, and a high resistivity value of intact 
rock (>400 ohm-meter) occupied a small portion of the NE section of the profile at a 









Figure 6.41. Profile 11 of 2D geoelectrical CRP at 20 feet electrode spacing. 
 
 
Profile 12 of 2D geoelectrical CRP-20 feet spacing (Figure 6.42) was acquired at 
the foot of the dam.  Soil with low conductivity having an electrical resistivity value of 
~30 – 105 ohm-meter dominated the entire profile, underlain by more highly conductive 
soil at the end portion of the profile.  The electrical resistivity value of the soil with high 
conductivity was <~30 ohm-meter.  The results indicated SW/NE joints weathered rock 









Figure 6.43. Profile 12 of 2D geoelectrical CRP at 20 feet electrode spacing. 
 
 
Profile 13 of 2D geoelectrical CRP-20 feet spacing (Figure 6.44) was acquired 
along the old stream. The results (Figure 6.45) indicate the dominance of soil with low 
conductivity over the entire profile (~30 – 105 ohm-meter).  SW/NE solution-widened 
joints dissects the profile, revealing weathered rock at varying depths of ~35 to 45 feet 
and bedrock at a depth of ~48 feet.  The electrical resistivity value of weathered rock and 









Figure 6.45. Profile 13 of 2D geoelectrical CRP at 20 feet electrode spacing. 
 
 
Profile 14 of 2D geoelectrical CRP-20 feet spacing (Figure 6.46) was acquired in 
the vicinity of shoreline.  The results (Figure 6.47) show that the top layer was mixed of 
soil with low and high conductivity, having electrical resistivity values of ~30 – 105 and 
< ~30.0 ohm-meter respectively, underlain by weathered rock and intact rock at depths of 
~20 to 45 and > ~36 feet, respectively, having electrical resistivity values between ~105 
and 400 and > ~400 ohm-meter.  Results also indicate presence of SW/NE joints in the 









Figure 6.47. Profile 14 of 2D geoelectrical CRP at 20 feet electrode spacing. 
 
 
The results of continuous resistivity profiling (CRP), conducted at 30 feet 
spacing, was subset into two straight sections for processing purposes (Figure 6.48 and 
6.50).  Profile 15 of 2D geoelectrical CRP (Figure 6.49) consisted of soil with low 
conductivity, having an electrical resistivity value between ~30 and 105 ohm-meter 
underlain by SW/NE weathered jointed rock at depth between ~36 and 72 feet, with an 
electrical resistivity value between ~105 and 400 ohm-meter.  Soil with higher 
conductivity having a low resistivity value (< ~30 ohm-meter) was shown at the end of 









Figure 6.49. Profile 15 of 2D geoelectrical CRP at 30 feet electrode spacing. 
 
 
Profile 16 of 2D geoelectrical CRP-30 feet spacing (Figure 6.50) was acquired in 
the vicinity of shoreline. The results (Figure 6.51) indicate the dominance of soil with 
low conductivity (~30 – 105 ohm-meter) and soil with high conductivity having an 
electrical resistivity value (< ~30 ohm-meter) at the proximity of the shoreline.  These 
upper layers are underlain by NW/SE jointed weathered and intact rock at a depth of ~36 
feet for intact rock.  The electrical resistivity of the weathered and intact rock ranged 









Figure 6.51. Profile 16 of 2D geoelectrical CRP at 30 feet electrode spacing. 
 
 
Profile 17 of 50 feet CRP (Figure 6.52) was acquired northeast of the lake. The 
2D geoelectrical section of the profile (Figure 6.53) shows soil deposits with low 
conductivity soil at the end of the profile, having an electrical resistivity value between 
~50 and 105 ohm-meter, underlain by NW/SE jointed weathered and intact rock with 









Figure 6.53. Profile 17 of 2D geoelectrical CRP section at 50 feet electrode spacing. 
 
 
The study also revealed a number of joints that exhibit general NW-SE and SW-
NE trends (Figure 6.54 and Figure 6.55), that were confirmed by the results of the 
electrical resistivity tomography profiles, ERT 1, ERT 3, ERT 4, and ETR 5, shown in 








Deep NW/SE and SW/NE joints were shown on CRP profiles 6, 12, 13, 14, 15, 
16, and 17 (Figure 6.31, Figure 6.44, Figure 6.46, Figure 6.47, Figure 6.50, Figure 6.52, 
and Figure 6.54, respectively.  The results are in conformity with the geological map of 
the region (Figure 2.12). 
The electrical resistivity profiles (Figure 6.55), partially at shoreline, show the 
existence of weathered rock in these sections of the lake might have been the result of the 
SW/NE and NW/SE solution widened joints.  Joints, as shown, could be an initial stage 








The CRP profiles 10, 13, and 15 (Figure 6.39, Figure 6.45, and Figure 6.49) 
respectively, of the northwestern old stream channel, showed that sediments consist of 
soil with high conductivity, having an electrical resistivity value between ~30 and 105 
ohm-meter, underlain by weathered rock of electrical resistivity value between ~105 and 
400 ohm-meter, and several solution widened joints trending SW/NE.  The CPR profiles 
that were acquired in the deepest central part of the lake, profiles 7, 8, and 9 (Figure 6.33, 
Figure 6.35, and Figure 6.37).  They are composed of soil with high conductivity, having 
electrical resistivity value between ~30 and 105 ohm-meter. Soil with a higher 
conductivity was determined by the CPR profiles shown in figure 6.31, figure 6.35, 
figure 6.41, figure 6.43, figure 6.47, and figure 6.51, having the electrical resistivity 
profiles shown in figure 6.19, figure 6.23, and figure 6.27.  Soil with high conductivity 
was overlain by soil with low conductivity close to shorelines.  These results indicate the 
existence of soil with high conductivity is increasing towards shorelines and disappear in 
locations of old stream channels and the central deepest part of the lake.  
Results from CRP, electrical resistivity tomography, and benthic habitat map 
confirmed the geological information of the lake indicating that the flood plain consists 















7. CONCLUSIONS  
 
The aim of the study was to provide researchers, the community, and authorities 
with baseline information on the conditions of the bottom of Little Prairie Lake, in order 
to assist in future developments as well as to investigate the utilization of integrated, 
distinctive marine geophysical tools including echo sounder, side scan sonar and down 
scan sonar, sub-bottom profiling, and electrical resistivity tomography profiling 
(underwater cable and towed cable). Underwater and towed cables were recently owned 
by the University of Missouri’s University of Science and Technology for determining 
soil, joints, and rock underneath water bodies. No studies have used electrical resistivity 
profiling methods (underwater cable and towed cable) in the state of Missouri to 
characterize the sub-surface underneath water bodies. These tools were tested to find the 
best practices and the best procedures for future work. Side scan sonar was used to map 
potential hazards on the lakebed and other objects. Down scan sonar and sub-bottom 
profiling data were utilized to measure water depth. Electrical resistivity tomography and 
multi-channel analysis of surface wave methods were used on land to inspect the dam and 
to determine sediments and rock. The result of this study concludes that:  
 Results of ERT and CRP profiles showed NW-SE and SW-NE trending joints 
along the old streams channels, and also close to the northern shoreline. Bedrock was 
dissolute and weathered.  
 ERT1 and MASW1 profiles were acquired over the crest of the dam for inspection 




and intact rock with a thickness of ~ 9, 36, 12, and > 57 feet, respectively, and that 
the rock was approximately consistent, intact and free of joints and fractures.  
 The result of CPR and ERT profiles proved the ability to determine the top of rock 
and showed that the average depth to top of the rock varies between 7 and 48 feet.  
 ERT and MASW were used to determine the depth of sediments and rock on land. 
Both methods show three main layers soil, weathered rock, and intact rock. A 
discrepancy of ~3.0 feet in the reported depth between ERT and MASW is due to the 
high sensitivity of ERT to minor changes in lithology and topography of target layers, 
unlike MASW, which require flat layers to detect exact depth of the layer.  
 CRP is considered a good time-saving tool, working with GPS simultaneously in 
determining underwater sediments and bedrock in shallow lakes (~100 feet). The 
greater spacing between electrodes, the lower the resolution and the inability to detect 
small objects. In contrast, electrical resistivity tomography method (underwater cable) 
took a long time and much more effort to place the electrodes on the lakebed.     
 Lake sediments are characterized by low conductive silty/loam and/or loamy soil 
(ER value between ~ 30 and 105 ohm-meter), along the old stream channel, and at the 
deepest part at the Lake center; underline by weathered rock. Higher conductive silty 
clay and/or clayey soil (ER value < ~30 ohm-meter) was reported, with increasing 
trend towards shorelines. 
 Side scan sonar is a robust method for mapping hazardous objects of lakebeds. 
Locations of submerged tree stands were mapped for safety purposes.  
 Side scan sonar is capable of mapping and generating benthic habitat maps, based 




 Side scan sonar could be a useful tool for mapping milfoil grass and brush piles, 
which is necessary for enhancing Little Prairie Lake ecosystem sustainability. The 
side scan sonar could be a useful tool for MCD planners and biologists intending to 
install artificial structures upon lakebeds.   
 The sub-bottom profiling method proved inadequate for determining shallow 
underwater sediment layers, since it generates multiple reflections that might obscure 
the real reflection layers. The reason for such multiples could be the result of the 
transition surface between soil and weathered rock that might be irregular.     
 The bathymetry maps produced from sub-bottom profiling and down scan sonar 
data, showed a maximum water depth of ~ 34 feet. The depth result could be used as 
a base-line and future reference for monitoring changes in lake sediments. 
Bathymetry and color contour maps and the mosaic of side scan sonar determined the 
location and direction of the two old stream channels that are directed from NW and 
W-E. The sub-bottom profiling tool was able to map the paleo shallow stream 
channel located close to the northern shoreline 
 Down scan sonar is capable of providing high-resolution images of small objects 
such as standing submerged trees, brush piles, and group of fishes.  
 The results of sub-bottom profiling and side scan sonar in Little Prairie Lake 
showed no archaeological objects.  Our previous study at Table Rock Lake, 
Kimberling City, Missouri, showed that side scan sonar and sub-bottom profiling 
could be used to map archaeological objects such as old bridges and piers.  
 Submerged tree stands were big obstacles during the sub-bottom profiling survey 




weed was another obstacle for sub-bottom profiling survey at the shallow part of the 
lake. Milfoil weed sometimes stuck and covered the transducers, requiring checking 
and cleaning each time; otherwise, the power signals would be affected.  
 An echo sounder was primarily used with CRP tools to acquire the water depth and 
for navigation during the survey.     
 There is a lack of reference data for boreholes for comparison with ERT results; 
instead, surface soil samples from the lakebed were collected and studied for 
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